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INTRODUCTION
I n  r e c e n t  y e a r s  sod ium  b o r o h y d r i d e  has become a 
u s e f u l  s y n t h e t i c  t o o l  f o r  t h e  c o n v e r s i o n  o f  p y r i d i n i u m  i o n s  
t o  p a r t i a l l y  r e d u c e d  p y r i d i n e s .  The u s e  o f  t h i s  r e d u c i n g  
a g e n t  p e r m i t s  p a r t i a l  r e d u c t i o n  o f  t h e  p y r i d i n e  r i n g  i n  h i g h  
y i e l d  w i t h o u t  r e d u c t i o n  o f  r i n g  s u b s t i t u e n t s  o t h e r  t h a n  
k e t o n e  and  a l d e h y d e  f u n c t i o n s . T h e  f a c t  t h a t  t h i s  b o r o ­
h y d r i d e  may be u s e d  i n  a q u eou s  s o l u t i o n  as w e l l  as  i n  a 
l a r g e  number  o f  o r g a n i c  s o l v e n t s  f u r t h e r  e n h a n c e s  i t s  g e n e r a l  
u s e f u l n e s s » ^
The n a t u r e  o f  t h e  p r o d u c t s  o b t a i n e d  i n  t h i s  r e d u c t i o n  
h as  b e e n  fo u n d  t o  be  d e p e n d e n t  on t h e  p o s i t i o n  and  t y p e  of  
r i n g  s u b s t i t u e n t s .  C u r r e n t  r e v i e w s  on t h i s  s u b j e c t  a r e  
a v a i l a b l e .
Q i nF e r l e s  '  has  r e p o r t e d  t h a t  1 - m e t h y l - ,  1 , 3 - d i m e t h y l - ,
1 , 4 - d i m e t h y l -  and  1 , 2 , 6 - t r i m e t h y l p y r i d i n i u m  i o d i d e s  and  b r o ­
m id e s  gave  a  m i x t u r e  o f  p i p e r i d i n e  a n d  t e t r a h y d r o p y r i d i n e  on 
r e d u c t i o n  w i t h  so d iu m  b o r o h y d r i d e  i n  aqueous  b a s i c  medium. 
W a lk e r^ ^  has  r e p o r t e d  t h a t  4 -& m in o p y r id in iu m  i o n s  g a v e  r i s e  
t o  o n l y  4 - 9 m i n o p i p e r i d i n e s  on r e d u c t i o n  w i t h  sod ium  b o r o ­
h y d r i d e .  T hese  a r e  t h e  o n l y  r e p o r t s  o f  t h e  f o r m a t i o n  o f  
p i p e r i d i n e s  i n  t h i s  t y p e  o f  r e d u c t i o n .  As w i l l  be  i n d i c a t e d
l a t e r .  W a l k e r ' s  work i s  a  s p e c i a l  c a s e .  The o r i g i n a l  w ork  of 
1 2P an ou se  * i n d i c a t e d  t h a t  o n ly  t h e  t e t r a h y d r o p y r i d i n e  was ob­
t a i n e d  f ro m  t h e  r e d u c t i o n  o f  1 - m e t h y l -  and 1 , 3 - d i m e t h y l p y r i -
- 1-
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12d i n l u m  i o n s ,  S c h e n k e r  h a s  r e p o r t e d  t h a t  a l l  ^ - s u b s t i t u t e d  
p y r i d i n i u m  i o n s  a r e  r e d u c e d  t o  t h e  1 , 2 , 5 » 6 - t e t r a h y d r o p y r i d i n e  
w i t h  sod ium  b o r o h y d r i d e ,  w h i l e  p y r i d i n i u m  i o n s  w i t h  a n  a l k y l  
s u b s t i t u e n t  i n  t h e  3 - p o s i t i o n  a r e  r e d u c e d  t o  a  m i x t u r e  o f
1 , 2 , 5 , 6 -  and l , 2 , 3 » 6 - t e t r a h y d r o p y r i d i n e s ,
R e c e n t l y  t h e  g e n e r a l  s y n t h e t i c  v a l u e  o f  t h i s  r e d u c ­
t i o n  has b e e n  i l l u s t r a t e d  by  May^^*^^ and  by  H uffm an^^ ,  May 
o b t a i n e d  l , 2 , 5 » 6 - t e t r a h y d r o p y r i d i n e s  f rom  t h e  sod ium  b o r o ­
h y d r i d e  r e d u c t i o n s  o f  l - m e t h y l - 4 - e t h y l p y r i d i n i u m  i o d i d e  and 
l - m e t h y l - 3 »4 - d i e t h y l p y r i d i n i u m  i o d i d e ,  w h i l e  Huffman r e ­
d u c e d  l - b e n z y l - 3 - ( 2 - i n d o y l ) p y r i d i n i u m  b ro m id e  t o  t h e  c o r r e s ­
p o n d i n g  1 , 2 , 5 , 6 - t e t r a h y d r o p y r i d i n e .
I n  t h e  c a s e  o f  p y r i d i n i u m  i o n s  c o n t a i n i n g  a n  e l e c t r o n  
w i t h d r a w i n g  s u b s t i t u e n t  i n  t h e  3 - p o s i t i o n ,  a  m i x t u r e  o f  1 , 6 »  
d i h y d r o p y r i d i n e  and 1 , 2 , 5 , 6 - t e t r a h y d r o p y r i d i n e  has b e e n  ob­
s e r v e d ,  S c h e n k e r ^ ^  h a s  fo u n d  t h a t  3 - c y a n o p y r i d l n e  m e th o -  
b ro m id e  was r e d u c e d  by  sod ium  b o r o h y d r i d e  t o  a  m i x t u r e  o f
l - m e t h y l - 3 - c y a n o - l , 6 - d i h y d r o p y r i d i n e  a n d  l - r a e t h y l - 3 - c y a n o -
171 , 2 , 5»6 - t e t r a h y d r o p y r i d i n e ,  K i n o s h i t a  r e p o r t e d  a  s i m i l a r  
r e s u l t  f o r  t h e  r e d u c t i o n  o f  t h e  m e t h i o d i d e  o f  e t h y l  n i c o -  
t i n a t e .  The 1 , 2 - d i h y d r o n i c o t i n a t e  was a l s o  i s o l a t e d  i n  t h i s  
c a s e  by r u n n i n g  t h e  r e d u c t i o n  i n  c o n c e n t r a t e d  a q u eou s  sod ium  
h y d r o x i d e  s o l u t i o n .  A p p a r e n t l y  i n  t h e s e  c a s e s ,  t h e  1 , 6 - d i -  
h y d r o p y r i d i n e  was s t a b l e  t o w a r d  f u r t h e r  b o r o h y d r i d e  r e d u c t i o n  
w h i l e ,  u n d e r  s u i t a b l e  c o n d i t i o n s ,  t h e  1 , 2 - d i h y d r o p y r i d i n e  was 
f u r t h e r  r e d u c e d  t o  t h e  1 , 2 , 5 , 6 - t e t r a h y d r o p y r i d i n e ,
W a l l e n f e l s ^ ^  and  Karrer^*^ have  b o t h  f o u n d  t h a t  sod ium
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b o r o h y d r i d e  r e d u c t i o n  o f  v a r i o u s  3 , 5 - d i c a r b o e t h o x y  p y r i d i n i u m
i o n s  p r o d u c e d  s o l e l y  d i h y d r o p y r i d i n e s .
20S au n d e rs  and  Gold  o b t a i n e d  a  m i x t u r e  o f  1 - p h e n y l -
1 , 4 - d i h y d r o p y r i d i n e  and l - p h e n y l - l , 2 - d i h y d r o p y r i d i n e  f ro m  t h e  
sod ium  b o r o h y d r i d e  r e d u c t i o n  o f  1 - p h e n y l p y r i d i n i u m  i o d i d e .
T h is  i s  t h e  o n ly  r e l i a b l e  r e p o r t  i n  t h e  p r e s e n t  l i t e r a t u r e  o f  
t h e  a c t u a l  i s o l a t i o n  o f  a  1 , 4 - d i h y d r o p y r i d i n e  f ro m  a  so d ium  
b o r o h y d r i d e  r e d u c t i o n  o f  a p y r i d i n i u m  s a l t .  The 1 , 4 - d i h y d r o -  
p y r i d i n e  p r o d u c t  was p r e s e n t  i n  a  r e l a t i v e  y i e l d  o f  tw e n ty  
p e r c e n t .
I n s p e c t i o n  of  t h e s e  d a t a  w o u ld  l e a d  one t o  b e l i e v e  
t h a t  t h e  sodium b o r o h y d r i d e  p r e f e r e n t i a l l y  a t t a c k e d  t h e  2 -  
o r  6 - p o s i t i o n  o f  t h e  p y r i d i n i u m  i o n  l e a d i n g  t o  a  1 , 2 -  o r  1 , 6 -  
d i h y d r o p y r i d i n e .  The r e d u c t i o n  m i g h t  have b e e n  e x p e c t e d  t o  
s t o p  a t  t h i s  s t a g e ,  s i n c e  f u r t h e r  r e d u c t i o n  would  r e q u i r e  t h e  
h y d r o g e n a t i o n  o f  a c a r b o n - c a r b o n  d o u b l e  b o n d ,  a p r o c e s s  n o t  
c o n s i s t e n t  w i t h  t h e  known n a t u r e  o f  so d iu m  b o r o h y d r i d e .  How­
e v e r ,  i t  would  a p p e a r  t h a t  t h e  e n am in e  n a t u r e  o f  t h e  d i h y d r o ­
p y r i d i n e  s y s te m  f a c i l i t a t e d  p r o t o n a t i o n  o f  t h e  c a r b o n  
a tom  by  t h e  s o l v e n t  ( w a t e r  o r  a l c o h o l )  g i v i n g  r i s e  t o  a n  im -
monium c a t i o n .  Such a s p e c i e  w ou ld  b e  e x p e c t e d  t o  r a p i d l y
21r e d u c e  w i t h  sod ium  b o r o h y d r i d e .
The p r e s e n c e  o f  p i p e r i d i n e  a s  a  so d iu m  b o r o h y d r i d e
r e d u c t i o n  p r o d u c t  m u s t  t h e n  be  p o s t u l a t e d  a s  a r i s i n g  f r o m
i n i t i a l  f o r m a t i o n  o f  a s m a l l  q u a n t i t y  o f  1 , 4 - d l b y d r o p y r i d i n e
o
as  p o s t u l a t e d  by F e r l e s ,  S u c h  a  s p e c i e  w ou ld  be e x p e c t e d  to 
u n d e r g o  c o m p le t e  r e d u c t i o n  t o  t h e  p i p e r i d i n e ,  s i n c e  i t  c o n -
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t a i n s  a d o u b l e  enam ine  s y s t e m .  I t  s h o u l d  be  n o t e d  t h a t  t h e  
t o t a l  y i e l d  o f  p i p e r i d i n e  o b t a i n e d  b y  W alker^^  f ro m  t h e  r e ­
d u c t i o n  o f  4 - a m i n o p y r i d i n i u m  i o n s  i s  i n  a c c o r d  w i t h  t h e  abo v e  
c o n c l u s i o n s ,  s i n c e ,  a  4“ a m i n o - l , 2 , 5 , 6- t e t r a h y d r o p y r i d i n e  i s  
a n  enam in e  s y s t e m  w h ic h  would be e x p e c t e d  t o  u n d e rg o  f u r t h e r  
r e d u c t i o n  w i t h  t h i s  m e t a l  h y d r i d e  t o  t h e  c o r r e s p o n d i n g  p i p e r t  
d i n e .
The work r e p o r t e d  h e r e  p r o v i d e s  p r o o f  f o r  t h e  above  
p o s t u l a t e d  m ech an ism ,  A s t u d y  o f  s u b s t i t u e n t  e f f e c t s  on  t h e  
a m ount  o f  p i p e r i d i n e  fo rm ed  f rom  t h e  so d ium  b o r o h y d r i d e  r e ­
d u c t i o n  o f  v a r i o u s  p y r i d i n i u m  i o n s  i s  a l s o  r e p o r t e d .  Some 
new d i h y d r o p y r i d i n e s  a r e  i n t r o d u c e d  and  t h e  c h e m ic a l  an d  
p h y s i c a l  p r o p e r t i e s  o f  t h e s e  compounds a r e  d i s c u s s e d .  F i g u r e  
1 shows t h e  g e n e r a l  t y p e  o f  d i h y d r o p y r i d i n e  and t e t r a h y d r o ­
p y r i d i n e  s y s t e m s  d i s c u s s e d  i n  t h i s  w o rk .
I t  s h o u l d  be  n o t e d  t h a t  many o f  t h e  above i n d i c a t e d  
r e s u l t s  o b t a i n e d  by  o t h e r  w o r k e r s  a p p e a r e d  i n  t h e  l i t e r a t u r e
s i m u l t a n e o u s l y  o r  a f t e r  t h e  r e p o r t  o f  t h e  work  done i n  t h i s
22L a b o r a t o r y ,
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DISCUSSION AND RESULTS
The sodium b o r o h y d r i d e  r e d u c t i o n  o f  c a r b o n —n i t r o g e n  
d o u b l e  bonds  i s  w e l l  e s t a b l i s h e d ;  h o w e v e r ,  th e  r e d u c t i o n  o f
6
an i s o l a t e d  c a r b o n —c a r b o n  d o u b le  bond h a s  n o t  b e e n  r e p o r t e d .  
S i n c e  t h e  sodium b o r o h y d r i d e  r e d u c t i o n  of a number  o f  p y r i d l — 
n i u m . i o n s  h a s  b e e n  shown t o  g i v e  a 1 , 2 , 5 , 6—t e t r a h y d r o p y r i d i n e  
a s  one o f  t h e  p r o d u c t s  o r  th e  o n l y  p r o d u c t ,  i t  would  a p p e a r  
t h a t  a c a r b o n —c a r b o n  d o u b le  bond a s  we l l  a s  a c a r b o n —n i t r o g e n  
d o u b le  bond was r e d u c e d .  I t  w as ,  t h e r e f o r e ,  o f  i n t e r e s t  t o  
d e t e r m i n e  t h e  m echanism  o f  t h i s  r e d u c t i o n .  To t h i s  e n d ,  a 
d e u t e r i u m  t r a c e r  t e c h n i q u e  and s p e c t r o s c o p i c  m e th od s  ware  em­
p l o y e d  .
I t  was a l s o  a p p a r e n t  t h a t  o t h e r  p r o d u c t s  ( d i h y d r o ­
p y r i d i n e s  and p i p e r i d i n e s )  c o u l d  be o b t a i n e d  f rom  t h i s  ty p e  
of r e d u c t i o n .  The r e d u c t i o n  o f  a num ber  o f  p y r i d i n i u m  i o n s  
was s t u d i e d  t o  d e t e r m i n e  t h e  sco p e  o f  t h e  r e d u c t i o n  and t o  
e v a l u a t e  t h e  e f f e c t  o f  t h e  n a t u r e  and p o s i t i o n  o f  s u b s t i t u e n t s  
on t h e  p r o d u c t  c o m p o s i t i o n .
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P r e p a r a t i o n  o f  p y r i d i n e s  and p y r i d i n i u m  s a l t s . —
D u r in g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n  i t  was n e c e s s a r y  t o  
s y n t h e s i z e  a number  o f  p y r i d i n e s  w h ich  were  n o t  c o m m e r c i a l ly  
a v a i l a b l e .  Known s y n t h e t i c  p r o c e d u r e s  w ere  u s e d  i n  a l l  c a s e s .
3 , 5 —D im e th y l—2—p h e n y l p y r i d i n e  ( I )  was p r e p a r e d  from
3 , 5 —<3 ime t h y l p y r i d  in e  and p h e n y l l i t h i u m  by  th e  p r o c e d u r e  o f  
A b r a m o v i tc h .  Compound I  had  n o t  b e e n  p r e v i o u s l y  r e p o r t e d  
i n  t h e  l i t e r a t u r e .  2—P h e n y l p y r i d i n e  ( I I ) ,  3—m e t h y l —2—p h e n y l — 
p y r i d i n e  ( I I I ) ,  and ^ - m e t h y l - 2 - p h e n y l p y r i d i n e  (IV) a r e  known 
compounds w h ic h  h av e  p r e v i o u s l y  b e e n  p r e p a r e d  by p h e n y l l i t h i u m  
a d d i t i o n  t o  p y r i d i n e ,  3 - m e t h y l p y r i d i n e  and ^ ^ m e t h y l p y r l d i n e ,  
r e s p e c t i v e l y .  The same s y n t h e t i c  p r o c e d u r e  was em ployed  in  
t h i s  w ork .
25
The p r o c e d u r e  o f  Schm id le  and M a n s f i e l d  was u s e d  
f o r  t h e  p r e p a r a t i o n  of  I4.—p h e n y l p y r i d i n e  (V) .  C o n d e n s a t i o n  o f  
D( —m e t h y l s t y r e n e ,  ammonium c h l o r i d e  and f o r m a l d e h y d e  gave  6— 
m e t h y l —6—p h e n y l t e t r a h y d r o —1 , 3 —o x a z i n e . T h is  m a t e r i a l  u n d e r —  
went  a n  a c i d  c a t a l y z e d  r e a r r a n g e m e n t  t o  i|—p h e n y l —1 , 2 , 5 , 6—t e t r a — 
h y d r o p y r i d i n e .  Compound V was o b t a i n e d  from t h e  p u r i f i e d  
t e t r a h y d r o p y r i d i n e  by  d e h y d r o g e n a t i o n  i n  n i t r o b e n z e n e  w i t h  a 
p a l l a d i u m  on a lu m in a  c a t a l y s t .
26
The p r o c e d u r e  o f  Bachman and M i c u c c i  was u s e d  f o r  
t h e  p r e p a r a t i o n  o f  5—b r o m o n i c o t i n i c  a c i d  ( V I I ) .  The c o n v e r s i o n  
o f  V II  t o  e t h y l  5—b r o m o n i c o t i n a t e  (VI)  was m o s t  s u c c e s s f u l  when 
th e  s t a n d a r d  t h i o n y l  c h l o r i d e  p r o c e d u r e  was u s e d .
The p h y s i c a l  p r o p e r t i e s  o f  t h e s e  p y r i d i n e s  w e re  i n
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8good a g r e e m e n t  w i t h  t h e  r e s p e c t i v e  d a t a  r e p o r t e d  by o t h e r  
w o r k e r s .  The i n f r a r e d  and u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a l  
d a t a  o b s e r v e d  f o r  compounds I  — V i s  r e p o r t e d  i n  TABLES I  
and I I ,  A l l  o t h e r  p y r i d i n e s  employed i n  t h i s  w o rk  were  com­
m e r c i a l l y  a v a i l a b l e .  The p y r i d i n i u m  s a l t s  w e re  p r e p a r e d  from 
t h e  p y r i d i n e s  by s t a n d a r d  p r o c e d u r e s  a s  i n d i c a t e d  i n  t h e  
E x p e r i m e n t a l .
U l t r a v i o l e t  and v i s i b l e  s p e c t r a  o f  p y r i d i n i u m  s a l t s  
and t h e  e f f e c t  o f  sodium b o r o h y d r i d e  on t h e s e  s p e c t r a . — 
I n i t i a l l y  t h e  sod ium  b o r o h y d r i d e  r e d u c t i o n  o f  a number o f  
p y r i d i n i u m  i o n s  was s t u d i e d  by  t h e  u se  o f  u l t r a v i o l e t  and 
v i s i b l e  a b s o r p t i o n  s p e c t r o s c o p y ,  t h e  r e d u c t i o n  b e i n g  run  
d i r e c t l y  i n  t h e  a b s o r p t i o n  c e l l  o f  t h e  s p e c t r o p h o t o m e t e r .
The r e s u l t s  c a n  b e s t  be d i s c u s s e d  by g r o u p i n g  t h e  p y r i d i n i u m  
i o n s  s t u d i e d  i n t o  t h r e e  c l a s s e s .
C l a s s  I  c o n t a i n e d  1—m e t h y l p y r i d i n i u m  i o d i d e  ( V I I I ) ,  
1 - m e t h y l  p y r i d i n i u m  b ro m id e  ( I X ) ,  1—i s o p r o p y l p y r i d i n i u m  i o d i d e  
(X ) ,  1—b u t y l p y r i d i n i u m  b ro m id e  ( X I ) ,  1—b e n z y l p y r i d i n i u m  b r o ­
mide ( X I I ) ,  1 , 3 —dime t h y l p y r  i d  in ium  i o d i d e  ( X I I I ) ,  1 ,  ij.—d ime t h y l -  
p y r i d i n i u m  i o d i d e  ( XIV), 1 , 3 , 5 —t r i m e  t h y I p y r i d i n i u m  i o d i d e  (XV) 
and 1 , 2 , 6—trirne  t h y l p y r i d  in iu m  i o d i d e  (X V I) .
G l a s s  I I  c o n t a i n e d  2—p h e n y l —, 2—p h e n y l —3 - m e t h y l —, 2— 
p h e n y l —If-me t h y l —, 2—p h e n y l - 3 , 5—dime t h y l — and Ip-phe ny I p y  r  i — 
d in iu m  i o d i d e ,  XVII,  X V I I I ,  XIX, XX and XXI, r e s p e c t i v e l y .
C l a s s  I I I  c o n t a i n e d  t h e  m e t h i o d i d e  ( X X II ) ,  m e th o b ro — 
mide ( X X I I I ) ,  and m e t h o c h l o r i d e  (XXIV) o f  3 , 5 —d i p h e n y l p y r i d i n e
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and e t h y l  5 - t > r o m o n i c o t i n a t e  m e t h i o d i d e  (XXV).
I n  m e t h a n o l  C l a s s  I  p y r i d i n i u m  i o n s  e x h i b i t e d  an ab­
s o r p t i o n  maximum i n  t h e  r e g i o n  o f  260 m;i. On a d d i t i o n  o f  
sod ium  b o r o h y d r i d e ,  t h e  a b s o r p t i o n  i n  t h i s  r e g i o n  r a p i d l y  de­
c r e a s e d  i n  i n t e n s i t y  w i t h  t h e  s i m u l t a n e o u s  f o r m a t i o n  o f  a new 
maximUnj i n  th e  335—350 mju r e g i o n .  The new maximum d ecayed  
r a p i d l y  t o  l e a v e  a s p e c t r u m  w h ic h  c o n t a i n e d  o n ly  end a b s o r p ­
t i o n  n e a r  225 m p . S p e c i f i c  d a t a  a r e  c o n t a i n e d  i n  TABLE IV.
I n  m e t h a n o l  C l a s s  I I  p y r i d i n i u m  i o n s  e x h i b i t e d  a n  ab­
s o r p t i o n  maximum i n  t h e  r e g i o n  f rom  276 t o  29k  m p . A d d i t i o n  
o f  sodium b o r o h y d r i d e  d e s t r o y e d  t h i s  maximum and s i m u l t a n e o u s l y  
g a v e  r i s e  t o  a new maximum n e a r  330 mp. However,  t h e  330 mp 
maximum d e c a y e d  r a p i d l y  t o  l e a v e  o n l y  weak a b s o r p t i o n  n e a r  
260  mju. I h i s  s u g g e s t e d  t h a t  t h e  f i n a l  s p e c i e  fo rm ed c o n t a i n e d  
a n  i s o l a t e d  phe^ i  s u b s t i t u e n t .
T r e a t m e n t  o f  C l a s s  I I I  p y r i d i n i u m  i o n s  w i t h  sodium 
b o r o h y d r i d e  gave r i s e  t o  new a b s o r p t i o n  maxima w h ic h  w ere  
s t a b l e  i n  t h e  p r e s e n c e  o f  an e x c e s s  o f  t h e  m e t a l  h y d r i d e .  Hie 
m e t h o h a l i d e s  XXII — XXIV have  a b s o r p t i o n  maxima a t  312 and 
258 m p.  A d d i t i o n  o f  sodium b o r o h y d r i d e  gave  a s p e c t r u m  conr- 
t a i n i n g  maxima a t  3 2 2 ,  260 and ijJ.5 mp . These maxima r e m a in e d  
a t  c o n s t a n t  i n t e n s i t y  u n t i l  d i l u t e  h y d r o c h l o r i c  a c i d  was added 
t o  t h e  s a m p le .  The a c i d  d e s t r o y e d  t h e s e  maxima and r e g e n e r ­
a t e d  t h e  o r i g i n a l  s p e c t r u m  o f  t h e  m e t h o h a l i d e .  Compound XXV 
e x h i b i t e d  a n  a b s o r p t i o n  maximum a t  288 mp i n  m e t h a n o l .  Addi­
t i o n  o f  sod ium  b o r o h y d r i d e  t o  a m e t h a n o l i c  s o l u t i o n  of  XXV 
d i s c h a r g e d  t h e  288  mp maximum w i t h  t h e  s i m u l t a n e o u s  f o r m a t i o n  
o f  s t a b l e  maxima a t  355 mp and 268 mp . A d d i t i o n  o f  d i l u t e
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h y d r o c h l o r i c  a c i d  d e s t r o y e d  t h e s e  maxima and gave  r i s e  t o  a 
new maximum a t  281;  m p .
The o b s e r v a t i o n  o f  t h e  t r a n s i e n t  maximum i n  t h e  335—
350 mp r e g i o n  d u r i n g  t h e  r e d u c t i o n  of  C l a s s  I  and C l a s s  I I  
p y r i d i n i u m  i o n s  i s  b e l i e v e d  t o  be  due t o  a n  i n i t i a l l y  fo rm ed 
d i h y d r o p y r i d i n e .  The r a p i d  d e c a y  o f  t h i s  t r a n s i e n t  maximum 
i s  b e l i e v e d  t o  c o r r e s p o n d  t o  r e d u c t i o n  o f  t h e  d i h y d r o p y r i d i n e  
t o  a t e t r a h y d r o p y r i d i n e .
I t  a p p e a r e d  t h a t  r e d u c t i o n  p a s t  t h e  d i h y d r o p y r i d i n e  
s t a g e  was d e p e n d e n t  on t h e  p r o t c n a t i o n  o f  t h i s  enam ine  sy s te m  
t o  form  a n  imraonium c a t i o n  w h ic h  t h e n  u n d e r w e n t  f u r t h e r  r e ­
d u c t i o n  t o  t h e  t e t r a h y d r o p y r i d i n e .  T h is  h y p o t h e s i s  was t e s t e d  
by r u n n i n g  t h e  r e d u c t i o n  i n  t h e  a p r o t i c  s o l v e n t  N , N - d i m e t h y l -  
fo rm a m id e .  T r e a tm e n t  o f  C l a s s  I  p y r i d i n i u m  i o n s  w i t h  sod ium  
b o r o h y d r i d e  i n  t h i s  a p r o t i c  medium gave r i s e  t o  a l o s s  o f  th e  
p y r i d i n i u m  i o n  a b s o r p t i o n  band  w i t h  t h e  s i m u l t a n e o u s  a p p e a r ­
ance  o f  a n  a b s o r p t i o n  b and  n e a r  335 m p .  This  new band  was 
s t a b l e  and d i d  n o t  d e c a y  u n t i l  w a t e r  o r  d i l u t e  a c i d  was added 
t o  t h e  s o l u t i o n ^ !  S i m i l a r  r e s u l t s  were o b t a i n e d  w i t h  IX, XI 
and X I I  when d ig ly m e  was u s e d  a s  t h e  s o l v e n t  medium. The s t u d y  
o f  p y r i d i n i u m  i o d i d e s  i n  d ig ly m e  was n o t  f e a s i b l e  b e c a u s e  o f  
i n t e n s e  c h a r g e  t r a n s f e r  b a n d s  a t  292 and 360 mp w h ic h  o b s c u r e d  
t h i s  r e g i o n  o f  t h e  spectrum^.®
p Û
Ko so w e r  h a s  r e p o r t e d  t h a t  s i m p l e  1,1;—d i h y d r o p y r i -
d i n e s  h ave  an  u l t r a v i o l e t  a b s o r p t i o n  maximum i n  t h e  r e g i o n  
f rom  270 t o  27 6 m p .  Thus 2 ,1 ; ,1 ; ,6—t e  t r am e  t h y l —1,1;—d i h y d r o — 
p y r i d i n e  e x h i b i t e d  a n  a b s o r p t i o n  maximum a t  270  mp. S in c e  th e
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l o n g  wave l e n g t h  band o b s e r v e d  on t r e a t m e n t  o f  C l a s s  I  p y r l — 
d in lu m  i o n s  w i t h  sodium b o r o h y d r i d e  was above 300 mp , i t  
would a p p e a r  t h a t  t h e  s p e c i e  fo rm ed was a 1 ,2 — r a t h e r  t h a n  a 
1,1;—d ihyd  ro p y  r i d  in e  .
On t r e a t m e n t  w i t h  sodium b o r o h y d r i d e  i n  N, N—d i m e t h y l — 
fo rm am ide .  C l a s s  I I  p y r i d i n i u m  i o n s  gave r i s e  t o  a s t a b l e  
a b s o r p t i o n  band n e a r  350 mp, a s  i n d i c a t e d  i n  TABLE IV. T h is  
band d i d  n o t  d e ca y  u n t i l  w a t e r  o r  d i l u t e  a c i d  was added t o  
t h e  s a m p le .  The maximum o b s e r v e d  n e a r  350 mp was i n t e r p r e t e d
a s  r e s u l t i n g  from a 1 , 6 —d ihyd  r o p y r i d  in e  r a t h e r  t h a n  a 1 , 2 —
29d i h y d r o p y r i d i n e .  H u i s g e n  h a s  r e p o r t e d  t h a t  1 - m e t h y l —2— 
p h e n y l —1 , 2 —d i h y d r o p y r i d  i n e  h a s  i t s  l o n g  w a v e l e n g t h  u l t r a ­
v i o l e t  a b s o r p t i o n  band a t  285 mp . The f a c t  t h a t  t h e  a b s o r p ­
t i o n  maximum o b s e r v e d  on t r e a t m e n t  o f  C l a s s  I I  p y r i d i n i u m  i o n s  
w i t h  sodium b o r o h y d r i d e  was a t  c o n s i d e r a b l y  l o n g e r  w a v e l e n g t h  
would s u g g e s t  t h a t  t h e  d i h y d r o p y r i d i n e  formed had th e  p h e n y l  
s u b s t i t u e n t  i n  c o n j u g a t i o n  w i t h  t h e  two r e m a i n i n g  r i n g  d o u b le  
b o n d s .  T h is  would be t h e  1 , 6 —d i h y d r o p y r i d  i n e . F u r t h e r  e v i ­
dence  i n  s u p p o r t  o f  t h i s  a s s u m p t i o n  w i l l  be p r e s e n t e d  l a t e r .
I n  t h e  c a s e  o f  C l a s s  I I I  p y r i d i n i u m  i o n s ,  t h e  o b s e r v e d  
s t a b l e  u l t r a v i o l e t  a b s o r p t i o n  b and s  p rodu ced  by t r e a t m e n t  o f  
t h e s e  i o n s  w i t h  sodium b o r o h y d r i d e  were  s u b s e q u e n t l y  shown t o  
b e l o n g  t o  d i h y d r o p y r i d i n e s  by  a c t u a l  p r o d u c t  i s o l a t i o n .
As a r e s u l t  o f  t h e  r a p i d  d e c a y  o f  th e  t r a n s i e n t  maxi­
mum o b s e r v e d  on r e d u c t i o n  o f  C l a s s  I  and I I  p y r i d i n i u m  i o n s  
i n  m e t h a n o l ,  t h e  e x a c t  p o s i t i o n  o f  t h i s  s h o r t  l i v e d  band  was 
somewhat i n  d o u b t .  The r e d u c t i o n  i n  N,N—d i m e t h y l f o r m a m i d e .
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w here  t h e  maximum a s s i g n e d  t o  t h e  d i h y d r o p y r i d i n e  was s t a b l e ,  
r e v e a l e d  th e  l o c a t i o n  o f  t h i s  band w i t h  much g r e a t e r  a c c u r a c y  
a s  i n d i c a t e d  i n  TABLE IV.
R e d u c t i o n  o f  U.—p h e n y l p y r i d i n e  m e t h i o d i d e  (XXI) i n  t h e  
p r e s e n c e  of  d e u t e r i u m  o x i d e .— F u r t h e r  e v i d e n c e  f o r ^ t ^ , ^  
p r e s e n c e  and f a t a  o f  i n t e r m e d i a t e  d i h y d r o p y r i d i n e s  i n  t h e  
sod ium  b o r o h y d r i d e  r e d u c t i o n  of  p y r i d i n i u m  i o n s  was o b t a i n e d  
by  a s t u d y  o f  t h e  r e d u c t i o n  of  I4.—p h e n y l p y r i d i n e  m e t h i o d i d e  
(XXI) i n  th e  p r e s e n c e  o f  d e u t e r i u m  o x i d e .  Compound XXI-was 
c h o s e n  a s  a model  s y s te m  b e c a u s e  i t s  e x p e c t e d  sodium b o r o ­
h y d r i d e  r e d u c t i o n  p r o d u c t ,  1—m e th y l - ] ;—p h e n y l —1 , 2 , 5 , 6—t e t r a -  
h y d r o p y r i d i n e  (XXXVIII) ,  was a known compound w h ic h  had b e e n  
w e l l  c h a r a c t e r i z e d ^ ^  The m a t e r i a l  o b t a i n e d  from t h e  sodium 
b o r o h y d r i d e  r e d u c t i o n  o f  XXI i n  N,N—d im e th y l f o r m a m id e  and 
w a t e r  e x h i b i t e d  p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  i d e n t i c a l  
w i t h  t h o s e  r e p o r t e d  by M cB lva in^^  f o r  compound XXXVIII.
R e d u c t io n  o f  XXI w i t h  sodium b o r o h y d r i d e  i n  a n h y d ro u s  
N, N—d i m e t h y l f  ormamide a f f o r d e d  1 - m e t h y l —i;—p h e n y l —1 , 2 —d i h y d r o — 
p y r i d i n e  i n  s o l u t i o n .  The s o l u t i o n  had  a d i s t i n c t  y e l l o w  
c o l o r a t i o n .  An u l t r a v i o l e t  s p e c t r u m  o b t a i n e d  by d i l u t i o n  of  
one d r o p  o f  t h i s  s o l u t i o n  w i t h  a n h y d ro u s  N ,N -d im e th y l fo rm a m id e  
e x h i b i t e d  an  i n t e n s e  a b s o r p t i o n  band a t  350 m p .  The band 
c j^ sa p p ea red  upon  a d d i t i o n  of one d r o p  o f  m e t h a n o l  o r  w a t e r  t o  
t h e  c e l l .  A d d i t i o n  of  d e u t e r i u m  o x id e  and a seco n d  q u a n t i t y  
o f  sod ium  b o r o h y d r i d e  t o  t h e  o r i g i n a l  r e a c t i o n  m i x t u r e  d i s ­
p a t c h e d  th e  y e l l o w  c o l o r a t i o n  and gave a cloucfy s o l u t i o n .  Sub­
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s e q u e n t  d i l u t i o n  o f  t h i s  s o l u t i o n  w i t h  w a t e r  p r e c i p i t a t e d  
t h e  am ine  b o r a  ne o f  d a n t e  r a t e d  1—me t h y  1-i ;—p h e n y l —1 , 2 , 5 , 6 -  
t e t r a h y d r o p y r i d i n e  a s  a s o l i d  c r y s t a l l i n e  m a t e r i a l .  T ha t  
t h i s  m a t e r i a l  was an  amine  b o r a n e  and n o t  an  a l k y l  b o r a n e  was 
e v i d e n t  f ro m  i t s  I n f r a r e d  s p e c t r u m ^ ^ ,  i n t e n s e  b a n d s  a t  2390 
and 2300 cm“ ^ ,  and t h e  f a c t  t h a t  t r e a t m e n t  w i t h  a c i d  r e l e a s e d  
t h r e e  m o le s  o f  h y d r o g e n  p e r  mole o f  b o r o n  c o n t a i n i n g  compound. 
P u re  l - m e t h y l - i ; —p h e n y l —5 - d e u t e r 0—1 , 2 , 5 , 6 —t e t r a n y d r o p y r i d i n e  
(XXXIX) was o b t a i n e d  by d e c o m p o s i t i o n  o f  the  amine b o r a n e  w i t h  
h y d r o g e n  c h l o r i d e  u n d e r  a n h y d ro u s  c o n d i t i o n s .
The i n f r a r e d  s p e c t r u m  of  t h e  d e u t e r a t e d  t e t r a h y d r o ­
p y r i d i n e ,  XXXIX, c o n t a i n e d  a l l  o f  t h e  b a n d s  found  i n  t h e  s p e c ­
t ru m  of  t h e  u n d e u t e r a t e d  t e t r a h y d r o p y r i d i n e ,  XXXVIII, i n  
a d d i t i o n  t o  a weak band  a t  21i;0 cm“"^, i n d i c a t i v e  o f  s a t u r a t e d
C—D s t r e t c h i n g ,  and a medium band a t  1265 cm” ^ ,  i n d i c a t i v e  o f
32D—G—H s c i s s o r i n g ,  c o n c e r t e d  v i b r a t i o n .  The i n f r a r e d  s p e c ­
t ru m  o f  XXXIX d i f f e r e d  c o n s i d e r a b l y  i n  t h e  f i n g e r p r i n t  r e g i o n  
f rom  t h e  s p e c t r u m  o f  XXXVIII, and t h u s  t h e  i d e n t i t y  i n  s t r u c —' 
t u r e  o f  XXXIX and XXXVIII was p r o v e n  by m e l t i n g  p o i n t s ,  m e l t i n g  
p o i n t s  o f  d e r i v a t i v e s  and u l t r a v i o l e t  s p e c t r a .
A c o m p a r i s o n  of  t h e  p r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r a  
o f  XXXIX and XXXVIII s u g g e s t e d  t h a t  a d e u t e r i u m  atom was 
l o c a t e d  a t  t h e  5—p o s i t i o n  i n  XXXIX. The s p e c t r a  were  n e a r l y  
i d e n t i c a l  sh o w in g  a m u l t i p l e t  due t o  t h e  r e s o n a n c e  o f  t h e  
a r o m a t i c  h y d r o g e n s  a t  2 . 3  t a u ,  a d o u b l e t  ( J  = 3 . 5  c p s )  a t
6 . 9 5  t a u  due t o  t h e  m e t h y l e n e  a t  t h e  2—p o s i t i o n ,  a t r i p l e t  
( J  = 3*5 c p s ) a t  3 . 9 7  t a u  r e s u l t i n g  f ro m  th e  v i n y l  h y d r o g e n
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a t  p o s i t i o n  3 , and a s h a r p  p e a k  a t  7 .6 6  t a u  due t o  t h e  1-  
m e th y l  s u b s t i t u e n t .  In  XXXVIII, t h e  m e t h y l e n e  g r o u p s  on th e  
5— and 6—p o s i t i o n s  gave  a c o m p o s i t e  p e a k  ( h a l f  band  w i d t h  
3 .8  c p s )  a t  7 . k3  t a u  w h ic h  a t  h i g h e r  a m p l i f i c a t i o n  was r e ­
s o l v e d  i n t o  a m u l t i p l e t .  I n  th e  d e u t e r a t e d  compound, XXXIX, 
t h i s  p e a k  ( h a l f  band w i d t h  2 . 5  c p s )  c o u ld  n o t  be r e s o l v e d ,  
i n d i c a t i n g  a l e s s  com plex  s p l i t t i n g  p a t t e r n .  The r e l a t i v e  
p e a k  a r e a s  were  a l s o  i n  a g r e e m e n t  w i t h  th e  p r e s e n c e  o f  o n ly  
t h r e e  p r o t o n s  a t  t h e  5— and 6—p o s i t i o n s  o f  XXXIX. The f a c t  
t h a t  t h e  r e l a t i v e  p e a k  a r e a  o f  t h e  2- m e t h y l e n e  r e s o n a n c e  a t
6 .9 5  t a u  was i d e n t i c a l  i n  b o t h  XXXIX and XXXVIII s t r o n g l y  
s u g g e s t e d  t h a t  t h e  d e u t e r i u m  was a t  t h e  5—p o s i t i o n ,  s i n c e  
t h e  2— and 6—p o s i t i o n s  a r e  e q u i v a l e n t  in  t h e  p y r i d i n i u m  i o n ,  
XXI. (T hese  p e a k  p o s i t i o n s  a r e  g i v e n  i n  ppm i n  TABLE V I I ) .
F u r t h e r  e v i d e n c e  f o r  t h i s  p o s i t i o n a l  a s s i g n m e n t  o f  t h e  
d e u t e r i u m  was o b t a i n e d  f ro m  t h e  r a p i d ,  c o m p le t e  e x c h a n g e  o f  
a l l  d e u t e r i u m  i n  XXXIX f o r  h y d r o g e n  on warming a n  a c i d i c  
a q u e o u s  s o l u t i o n  o f  XXXIX f o r  s e v e r a l  m i n u t e s  on a s te a m  c o n e .  
F u r t h e r m o r e ,  XXXVIII c o u l d  be p a r t i a l l y  d e u t e r a t e d  a t  b o t h  t h e  
5— and 6—p o s i t i o n s  on h e a t i n g  i n  a c i d i c  d e u t e r i u m  o x i d e  s o l u ­
t i o n .  The i n f r a r e d  s p e c t r u m  o f  t h i s  m a t e r i a l  showed a band a t  
2250 cm""^, i n d i c a t i v e  o f  v i n y l  C—D s t r e t c h i n g ^ ^ ,  a s  w e l l  a s  
t h e  s a t u r a t e d  C—D s t r e t c h i n g  v i b r a t i o n  a t  211;0 cm""^.^^ T h is  
s t r o n g l y  s u g g e s t e d  t h a t  t h e  d e u t e r i u m  was i n d e e d  l o c a t e d  a t  
t h e  5—p o s i t i o n  i n  XXXIX, f o r  a r e a s o n a b l e  m echanism  f o r  ex­
c h a n g e  f ro m  a s a t u r a t e d  c a r b o n  c a n  be w r i t t e n  o n l y  f o r  t h i s  
a H y l i c  p o s i t i o n . P r o t o n  a t t a c k  a t  t h e  3—p o s i t i o n  o f  t h e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
t e t r a h y d r o p y r i d i n e  would fo rm  a s y m m e t r i c a l ,  r e s o n a n c e  s t a b i ­
l i z e d  c a rb o n iu m  i o n  w h ic h  c o u ld  e l i m i n a t e  a p r o t o n  o r  d e u t e r o n ,  
e x p l a i n i n g  t h i s  r a p i d  e x ch a n g e  o f  i s o t o p e s .  T h i s  i s  shown i n  
F i g u r e  2 b .
On s t a n d i n g  f o r  two days  i n  a m i x t u r e  o f  sodium bo ro ­
h y d r i d e  and 1- m e t h y l p y r i d i n i u m  i o d i d e  d i s s o l v e d  i n  a n h y d ro u s  
N,N—d im e th y l f o r m a m id e  and d e u t e r i u m  o x i d e ,  compound XXXVIII 
d id  n o t  becOTie d e u t e r a t e d  a s  e v id e n c e d  b y  ho c h a n g e s  i n  t h e  
i n f r a r e d  s p e c t r u m  of  t h e  r e c o v e r e d  t e t r a h y d r o p y r i d i n e .  This  
i m p l i e d  t h a t  XXXIX had n o t  become d e u t e r a t e d  by  exchange  
a f t e r  r e d u c t i o n  t o  t h e  t e t r a h y d r o p y r i d i n e  had o c c u r r e d .  A 
s i m i l a r  c o n t r o l  e x p e r i m e n t  w i t h  t h e  amine b o r a n e  of  XXXVIII 
gave th e  same r e s u l t .  T h i s  i n d i c a t e d  t h a t  t h e  amine b o ran e  
would n o t  ex chang e  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s  o f  t h e  sodium 
b o r o h y d r i d e  r e d u c t i o n .
The mass s p e c t r u m  o f  t h e  d e u t e r a t e d  t e t r a h y d r o p y r i d i n e ,  
XXXIX, e x h i b i t e d  i t s  p a r e n t  p e a k  a t  171; m/e c o r r e s p o n d i n g  t o  
t h e  p r e s e n c e  o f  one d e u t e r i u m  atom p a r  m o le c u l e  a s  t h e  p r o t o n  
m a g n e t i c  r e s o n a n c e  s p e c t r u m  of  XXXIX had a l r e a d y  i n d i c a t e d .
The p a r e n t  p e a k  o f  XXXVIII a p p e a r e d  a t  173 m / e . The a p p e a r —  
a nce  of  a p e a k  a t  115 m/e  i n  t h e  s p e c t r u m  o f  XXXVIII and a 
c o r r e s p o n d i n g  p e a k  a t  116 m/e i n  t h e  s p e c t r u m  o f  XXXIX was 
i n t e r p r e t e d  t o  be i n d i c a t i v e  of t h e  f o r m a t i o n  of  PhCH(CH2 )2^ 
d u r i n g  t h e  f r a g m e n t a t i o n  o f  XXXVIII and t h e  p r e s e n c e  o f  
PhCHCHgCHD* d u r i n g  t h e  f r a g m e n t a t i o n  o f  XXXIX. The p r e s e n c e  
o f  a p e a k  a t  liZ m/e i n  t h e  s p e c t r a  o f  b o t h  XXXIX and XXXVIII 
was i n t e r p r e t e d  t o  be i n d i c a t i v e  o f  t h e  f o r m a t i o n  of
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GH2=N=CH2 d u r i n g  t h e  f r a g m e n t a t i o n  o f  b o t h  compounds .  These 
d a t a  a l s o  s u g g e s t e d  t h a t  t h e  d e u t e r i u m  was l o c a t e d  a t  t h e  5— 
p o s i t i o n  i n  XXXIX and t h a t  t h i s  compound d id  n o t  c o n t a i n  
d e u t e r i u m  i n  t h e  2— o r  6—p o s i t i o n ,  d e p e n d i n g  on th e  o r i g i n  
o f  t h e  k 2  m/e f r a g m e n t .
On th e  b a s i s  o f  t h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a l  
s t u d i e s  and t h e  i s o t o p i c  i n v e s t i g a t i o n  o f  t h e  sod ium  b o r o ­
h y d r i d e  r e d u c t i o n  of  XXI, t h e  g r o s s  mechanism o f  t h i s  r e a c t i o n  
may be  w r i t t e n  a s  shown i n  F i g u r e  2 a .  The i n i t i a l  b o r o h y d r i d e  
a t t a c k  o c c u r r e d  a t  t h e  2—p o s i t i o n  t o  g iv e  a 1 , 2—d i h y d r © p y r i ­
d i n e  ( S t r u c t u r e  A ) .  T h is  s p e c i e  was th e n  p r o t o n s t e d  by t h e  
s o l v e n t  t o  g i v e  a n  immonium c a t i o n  w h ic h  u n d e rw e n t  s u b s e q u e n t ,  
r a p i d  r e d u c t i o n  t o  t h e  p r o d u c t .  I t  s h o u ld  be  n o t e d  t h a t  t h i s  
w ork  d id  n o t  d i s t i n g u i s h  b e tw e e n  p r o t o n a t i o n  o f  t h e  1- m e t h y l — 
i;—p h e n y l —1 , 2 —d ih y d  ro p y  r i d  in e  ( S t r u c t u r e  A) a t  t h e  3—p o s i t i o n  
t o  g i v e  immonium c a t i o n  B and p r o t o n a t i o n  a t  t h e  5—p o s i t i o n  
t o  g i v e  immonium c a t i o n  G o r  p r o t o n a t i o n  a t  b o t h  p o s i t i o n s  t o  
g i v e  an e q u i l i b r i u m  m i x t u r e  o f  B and G.
The p r o t o n a t i o n  o f  c o n j u g a t e d  d i e n a m i n e s  s h o u l d  be 
c o m p a ra b le  t o  t h e  p r o t o n a t i o n  o f  t h e  a n i o n  f rom  a n  oi , (9 —
u n s a t u r a t e d  a c i d  and t h e r e f o r e  p r e d i c t e d  by t h e  c o r r e l a t i o n ,
35" I n g o l d ' s  R u l e ” . S i n c e  a v e r y  weak a c i d  ( a l c o h o l  o r  w a t e r )  
i s  r e s p o n s i b l e  f o r  t h e  p r o t o n a t i o n  and t h e  s u b s e q u e n t  r e d u c ­
t i o n  s t e p  i s  t o o  r a p i d  t o  a l l o w  e q u i l i b r i u m  t o  be a t t a i n e d .  
I n g o l d *3 Rule  p r e d i c t s  t h a t  t h e  p r o d u c t  o f  t h e  sodium b o r o ­
h y d r i d e  r e d u c t i o n  o f  a c o n j u g a t e d  d i e n a m in e  would be form ed  
f rom  p r o t o n  a t t a c k  a t  t h e  c e n t r a l  c a r b o n  atom o f  t h e  d i e n —
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amine  s y s t e m .  S in c e  t h e  f i n a l  s t e p  o f  t h e  r e d u c t i o n  i s  ex­
t r e m e l y  r a p i d ,  th e  immonium i o n  fo rm ed  p r e f e r e n t i a l l y  i n  t h e  
p r o t o n a t i o n  s t e p  w ould  be t h e  k i n e t i c  p r o d u c t  r a t h e r  t h a n  
t h e  t h e r m o d y n a m i c a l l y  more s t a b l e  c a t i o n .
I n g o l d ' s  Rule  would t h a n  p r e d i c t  t h a t  p r o t o n a t i o n  o f  
d i e n a m i n e  A by  th e  weak a c i d  w a t e r  w ould  o c c u r  p r e f e r e n t i a l l y  
a t  t h e  5—p o s i t i o n  t o  g i v e  t h e  k i n e t i c a l l y  f a v o r e d  p r o d u c t ,  
immonium c a t i o n  C. S u b s e q u e n t  r e d u c t i o n  o f  t h i s  s p e c i e  w ould  
g i v e  t h e  o b s e r v e d  p r o d u c t .
36
J o h n s o n  h a s  r e p o r t e d  t h a t  a c e t i c  a c i d  p r o t o n a t e d  
t h e  d i e n a m i n e ,  3—N—p y r r o l i d y l c h o l e s t a d i e n e —3 , 5  a t  t h e  5— 
p o s i t i o n  d u r i n g  t h e  sod ium  b o r o h y d r i d e  r e d u c t i o n  o f  t h i s  com­
p o u n d .  T h is  would be i n  a c c o r d  w i t h  I n g o l d ' s  R u l e .  A p p a r e n t l y
t h i s  p r o t o n a t i o n  s e l e c t i v i t y  i s  l o s t  w i t h  s t r o n g e r  p r o t o n
37d o n o r s .  O p i t z  and Merz h a v e  r e p o r t e d  t h a t  w h i l e  w a t e r  and 
a c e t i c  a c i d  p r o t o n a t e d  1—m o r p h o l i n 0—3 , 5 , 5“ t r i m e t h y l c y c l o h e x a — 
d i e ne—1 , 3  a t  t h e  c e n t r a l  p o s i t i o n  o f  t h e  d i e n a m i n e  s y s te m ,  
h y d r o c h l o r i c  and p e r c h l o r i c  a c i d s  p r o t o n a t e d  t h e  d i e n a m in e  a t  
t h e  t e r m i n a l  p o s i t i o n .
















F i g .  2a .  Mechanism f o r  t h e  F o r m a t i o n  o f  t h e  1 , 2 , 5 , 6 -  







P i g .  2b .  ' Acid  C a t a l y z e d  Exchange  R e a c t i o n  o f  XXXIX.
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Sodium b o r o h y d r l d e  r e d u c t i o n  o f  1 . k—d i m e t h v l —2— 
p h e n v l p y r l d l n l u m  I o d i d e  ( X I X ) I n  a n  e f f o r t  t o  g a i n  f u r t h e r  
s u p p o r t  f o r  t h e  a p p l i c a b i l i t y  o f  I n g o l d ' s  Rule  t o  t h e  f a t e  
o f  d l h y d r o p y r l d l n e s  I n  t h e  sodium b o r o h y d r l d e  r e d u c t i o n  o f  
p y r l d l n l u m  I o n s ,  t h e  r e d u c t i o n  o f  XIX  was s t u d i e d  I n  a q u e o u s  
medium. A l t h o u g h  a d l h y d r o p y r l d l n e  was n o t  I s o l a t e d  f rom  t h e  
r e d u c t i o n  o f  XIX, i t  was p resum ed  t h a t  t h e  I n i t i a l l y  fo rm ed  
s p e c i e  was a 1 , 6 —d l h y d r o p y r l d l n e  r a t h e r  t h a n  a 1 , 2 —d i h y d r o — 
p y r i d i n e .  Three  p o i n t s  f a v o r e d  t h i s  a s s i g n m e n t ,  t h e  s t e r l c  
I n t e r f e r e n c e  t o  h y d r i d e  a t t a c k  a t  t h e  2—p o s i t i o n  e x e r t e d  by 
t h e  p h e n y l  s u b s t i t u e n t ,  t h e  f o r m a t i o n  o f  t h e  350 mp a b s o r p t i o n  
band  when XIX was r e d u c e d  w i t h  sodium b o r o h y d r l d e  I n  N,N— 
d l m e t h y l f o r m a m l d e  i n  t h e  a b s o r p t i o n  c e l l  o f  t h e  u l t r a v i o l e t  
s p e c t r o p h o t o m e t e r ,  and th e  f a c t  t h a t  r e d u c t i o n  o f  1 , 3 , 5 —t r l — 
m e t h y l —2—p h e n y l p y r l d l n l u m  i o d i d e  (XX) gave  a 1 , 6 —d l h y d r o p y r l — 
d i n e  p r o d u c t  w h ic h  was I s o l a t e d .
The g a s  c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  p r o d u c t  ob­
t a i n e d  f rom  t h e  r e d u c t i o n  o f  XIX I n d i c a t e d  t h a t  I t  was homo­
g e n e o u s .  The u l t r a v i o l e t  s p e c t r u m  of  t h i s  p r o d u c t  r u l e d  o u t  
t h e  p o s s i b i l i t i e s  o f  a 1 , 4 , 5 , 6 -  o r  1 , 2 , 3 , 4 —t e t r a h y d r o p y r l d l n e  
s t r u c t u r e ,  s i n c e  t h e  s p e c t r u m  showed o n l y  f i n e  s t r u c t u r e  o f  
low e x t i n c t i o n  n e a r  260 m^. I n d i c a t i v e  o f  an u n c o n j u g a t e d  
p h e n y l  s u b s t i t u e n t ,  and end a b s o r p t i o n  b e lo w  225 mp.. I n d i c a ­
t i v e  o f  t h e  a b s e n c e  o f - c  v i n y l  amine  t y p e  s t r u c t u r e .  The 
p o s i t i o n  o f  t h e  d o u b le  bond was r e v e a l e d  b y  t h e  p r o t o n  mag­
n e t i c  r e s o n a n c e  s p e c t r u m  o f  t h e  t e t r a h y d r o p y r l d l n e .  The 
s p e c t r u m  showed a s i n g l e t  a t  7 . 3 5  ppm due t o  t h e  r e s o n a n c e  
o f  t h e  a r o m a t i c  h y d r o g e n s ,  a s i n g l e t  a t  5*45 ppm due t o  t h e
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v i n y l  h y d r o g e n ,  a q u a r t e t  a t  3 . 2 2  ppm a t t r i b u t e d  t o  t h e  b e n -  
z y l i c  h y d r o g e n ,  a m u l t i p l e t  a t  2 . 9 5  ppm a s s i g n e d  t o  t h e  
m e t h y l e n e  a t  t h e  6—p o s l t l o n ,  a m u l t i p l e t  a t  2 . 6 5  ppm due t o  
t h e  m e t h y l e n e  a t  t h e  3—p o s i t i o n ,  a s i n g l e t  a t  2 . 0 5  ppm r e ­
s u l t i n g  f rom  t h e  r e s o n a n c e  o f  t h e  I M n e th y l  h y d r o g e n s  and a 
s i n g l e t  a t  1 . 7 0  ppm due t o  t h e  C—m e t h y l  h y d r o g e n s .  The 
r e l a t i v e  p e a k  a r e a s  were I n  e x a c t  a g r e e m e n t  w i t h  t h e s e  a s s l g n r -  
m e n t s .  The f a c t  t h a t  t h e  b e n z y l l c  h y d r o g e n  was a q u a r t e t ,  
r a t h e r  t h a n  a d o u b l e t ,  s t r o n g l y  s u g g e s t e d  t h a t  t h e  p r o d u c t  was 
1 ,  1|.—d i m e t h y l —2—p h e n y l —1 , 2 , 3 ,  6—t e t r a h y d r o p y r I d i n e  (X X XIII) 
r a t h e r  t h a n  I t s  3 ,4  d o u b le  bond I s o m e r .  The 3,4  d o u b le  bond 
I so m e r  would  hav e  b e en  e x p e c t e d  t o  h a v e  g i v e n  r i s e  t o  an un­
m i s t a k a b l e  d o u b l e t  f o r  th e  b e n z y l l c  h y d r o g e n .
The r e s u l t  o f f e r e d  f u r t h e r  e v i d e n c e  f o r  t h e  a p p l i c a ­
b i l i t y  o f  I n g o l d ' s  Rule t o  t h e  p o s i t i o n  o f  p r o t o n a t i o n  o f  t h e  
d l e n a m ln e  sy s te m  o f  a d l h y d r o p y r l d l n e  d u r i n g  t h e  sodium b o r o ­
h y d r l d e  r e d u c t i o n  ( s e e  F i g u r e  3)*  I f  I t  I s  assumed t h a t  t h e
1 , 6 —d l h y d r o p y r l d l n e  ( S t r u c t u r e  D) was I n i t i a l l y  fo rm ed  from 
th e  r e d u c t i o n  o f  XIX, I t  would a p p e a r  t h a t  D was p r o t o n a t e d  
a t  t h e  3—p o s l t l o n  t o  g iv e  t h e  I n t e r m e d i a t e  p r o d u c t  o f  k i n e t i c  
c o n t r o l ,  Immonlum c a t i o n  E, w h ic h  u n d e rw e n t  r a p i d  s u b s e q u e n t  
r e d u c t i o n  t o  t h e  o b s e r v e d  p r o d u c t  XXXIIl  b e f o r e  a n  e q u i l i b r i u m  
s t a t e  t o  f a v o r  t h e  t h e r m o d y n a m i c a l l y  more s t a b l e  Immonlum 
c a t i o n  F was e s t a b l i s h e d .  Thus I n t e r m e d i a t e  1 , 2 — o r  1 , 6 —d l — 
h y d r o p y r l d l n e s  a r e  b e l i e v e d  t o  u n d e r g o  s p e c i f i c  p r o t o n a t i o n  
a t  t h e  m i d p o i n t  o f  t h e  d le n a m ln e  s y s te m  by t h e  p r o t l c  s o l v e n t  
d u r i n g  t h e  sodium b o r o h y d r l d e  r e d u c t i o n  o f  p y r l d l n l u m  I o n s .
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The r e s u l t i n g  immonlum c a t i o n  I s  b e l i e v e d  t o  u n d e rg o  Immedi­
a t e  r e d u c t i o n  t o  t h e  t e t r a h y d r o p y r i d i n e  p r o d u c t .







F i g .  3 .  Hechan ism  f o r  t h e  F o r m a t i o n  o f  t h e  1 , 2 , 3 , 6 - T e t r a -  
h y d r o p y r i d i n e  f rom t h e  Sodium B o r o h y d r i d e  R e d u c t i o n  o f  
2 - S u b s t i t u t e d  P y r i d i n i u m  I o n s .
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Gas c h r o m a t o g r a p h i c  a n a l y s i s  o f  sodium b o r o h y d r l d e
9
r e d u c t i o n  m i x t u r e s . — In  v iew  o f  t h e  r e p o r t  by P e r l e s  t h a t  
t h e  sodium b o r o h y d r l d e  r e d u c t i o n  o f  a number  o f  p y r i d i n i u m  
i o n s  gave  p i p e r i d i n e s  as  w e l l  a s  t e t r a h y d r o p y r i d i n e s  a s  p r o ­
d u c t s ,  i t  was d e s i r a b l e  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h i s  was 
t h e  c a s e  w i t h  t h e  r e d u c t i o n s  s t u d i e d  i n  t h i s  w o rk .  F o r  t h i s  
p u r p o s e ,  t h e  m a t e r i a l  o b t a i n e d  from t h e  sodium b o r o h y d r l d e  
r e d u c t i o n  of  a num ber  of  p y r i d i n i u m  i o n s  was a n a l y z e d  by  gas  
c h r o m a to g r a p h y  and i n f r a r e d  s p e c t r o s c o p y .  The p r o c e d u r e s  
u se d  f o r  t h e  sodium b o r o h y d r i d e  r e d u c t i o n s  a r e  i n d i c a t e d  i n  
t h e  E x p e r i m e n t a l .  The d a t a  o b t a i n e d  from t h e  g a s  c h ro m a to ­
g r a p h i c  a n a l y s i s  o f  t h e  r e d u c t i o n  p r o d u c t s  a r e  shown i n  
TABLES V and IX.
I n i t i a l l y  t h e  r e d u c t i o n  o f  1—b u t y l ,  1—b e n z y l ,  1—i s o -  
p r o p y l ,  1 , 3 —d i m e t h y l — and 1 , 3 , 5 —t r i m e t h y I p y r i d i n i u m  h a l i d e s  was 
i n v e s t i g a t e d .  - The g a s  c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  p r o d u c t  
m i x t u r e s  o b t a i n e d  f rom  t h e  r e d u c t i o n  o f  t h e s e  p y r i d i n i u m  com­
pounds  i n d i c a t e d  t h e  p r e s e n c e  o f  a two component  m i x t u r e  i n  
e a c h  c a s e .  The component  o f  l o n g e r  r e t e n t i o n  t im e  was s e p a ­
r a t e d  f rom  e a c h  m i x t u r e  by c a r e f u l  f r a c t i o n a l  d i s t i l l a t i o n  
w i t h  t h e  e x c e p t i o n  o f  t h e  m i x t u r e  o b t a i n e d  from t h e  r e d u c t i o n  
o f  t h e  1—i s o p r o p y l  p y r i d i n i u m  i o d i d e .  In  e a c h  c a s e  t h e  com­
p o n e n t  o f  l o n g e r  r e t e n t i o n  t im e  was shown t o  be t h e  1 , 2 , 5 , 6 — 
t e t r a h y d r o p y r l d l n e  by c a t a l y t i c  h y d r o g e n a t i o n ,  i n f r a r e d  sp e c ­
t r o s c o p y ,  u l t r a v i o l e t  s p e c t r o s c o p y  and m e l t i n g  p o i n t s  o f  
d e r i v a t i v e s .  The f a c t  t h a t  t h e s e  compounds c o u ld  be h y d r o ­
g e n a t e d  t o  t h e  known p i p e r i d i n e s  c o n f i r m e d  t h e  p r e s e n c e  of
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u n s a t u r a t i o n .  Tha f a c t  t h a t  t h e s e  compounds d id  n o t  e x h i b i t
u l t r a v i o l e t  a b s o r p t i o n  b a n d s  above  220 mp, w i t h  t h e  e x c e p t i o n
o f  t h e  f i n e  s t r u c t u r e  n e a r  26o mp p r e s e n t  i n  t h e  1—b e n z y l —
t e t r a h y d r o p y r l d l n e ,  c o n f i r m e d  t h e  1 , 2 , 5 , 6 —t e t r a h y d r o p y r l d l n e
s t r u c t u r e  f o r  e a c h  compound.  T h is  c o n c l u s i o n  c o u ld  be r e a c h e d
on t h e  b a s i s  o f  t h e  r e p o r t  t h a t  a number  o f  s im p le  1 . 5 , 6 —
t e t r a h y d r o n y r i d i n e s  h a v e  an a b s o r p t i o n  maximum n e a r  228 mp ?
27Tha f a c t  t h a t  W enker t  h a s  employed p r o t o n  m a g n e t i c  r e s o n a n c e  
s p e c t r o s c o p y  t o  show t h a t  a number  o f  p y r i d i n i u m  io n s  w i t h  an 
a l k y l  s u b s t i t u e n t  a t  t h e  3—p o s i t i o n  a r e  r e d u c e d  by sodium 
b o r o h y d r i d e  t o  t h e  1 , 2 . 5 , 6 —t e t r a h y d r o p y r i d i n e  gave f u r t h e r  
s u p p o r t  f o r  th e  a s s i g n m e n t  o f  t h i s  s t r u c t u r e  t o  t h e  1 , 3 —d i — 
m e t h y l t e t r a h y d r o p y r i d i n e  o b t a i n e d  h e r e .  F u r t h e r  e v i d e n c e  f o r  
the  t e t r a h y d r o p y r l d l n e  s t r u c t u r e  was o f f e r e d  by  th a  p r e s e n c e  
o f  a s t r o n g  band n e a r  BOO cm""^ i n  t h e  i n f r a r e d  sp e c t r u m  of  
e a c h  o f  t h e s e  compounds w h ic h  was n o t  p r e s e n t  i n  t h e  c o r r e s ­
p o n d in g  p i p e r i d i n e .  A c o m p a r i s o n  o f  t h e  m e l t i n g  p o i n t  o f  the  
p i c r a t e  o b t a i n e d  f rom  th e  f r a c t i o n  assumed t o  be t e t r a h y d r o — 
p y r i d i n e  w i t h  t h a t  o f  t h e  p i e p r i d i n e  a l s o  i n d i c a t e d  t h a t  t h e s e  
were  d i f f e r e n t  compounds.  The m e l t i n g  p o i n t s  of  t h e  t e t r a — 
h y d r o p y r i d i n e  d e r i v a t i v e s  a r e  g i v e n  in  TABLE V and t h o s e  o f  t h e
c o r r e s p o n d i n g  p i p e r i d i n e s  a r e  shown in  TABLE V I I I .
S in c e  t h e  f r a c t i o n a l  d i s t i l l a t i o n  of  t h e  m i x t u r e  ob­
t a i n e d  f rom  t h e  r e d u c t i o n  o f  t h e  1—i s o p r o p y l  p y r i d i n i u m  i o ­
d i d e  (X) d i d  n o t  g i v e  a good s e p a r a t i o n ,  a p i c r a t e  o f  t h e  c ru d e
m a t e r i a l  was o b t a i n e d  and s u b j e c t e d  t o  f r a c t i o n a l  r e c r y s t a l —
0
l i z a t i o n .  T h is  p r o c e d u r e  gave a p i c r a t e ,  m .p .  149—151 , w h ich
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was i d e n t i c a l  w i t h  t h e  p i c r a t e ,  m .p .  150—151 , o b t a i n e d  f rom
1—i s o p r o p y l p i p e r i d i n e ( X I I ) . A s e co n d  p i c r a t e ,  m .p .  134” 13 6 ° ,  
was a l s o  o b t a i n e d .  T h is  was th e  p i c r a t e  o f  1—i s o p r o p y l —1 , 2 ,
5 , 6 —t e t r a h y d r o p y r i d i n e ( X X V I I I ) .
The component  o f  s h o r t e r  r e t e n t i o n  t im e  i n  e a c h  mix­
t u r e  o f  r e d u c t i o n  p r o d u c t s  was shown t o  be t h e  p i p e r i d i n e  
p r o d u c t .  I t  was i d e n t i c a l  i n  r e t e n t i o n  t im e  t o  th e  p u r e  
p i p e r i d i n e  o b t a i n e d  f r o m  t h e  c a t a l y t i c  h y d r o g e n a t i o n  of the  
c o r r e s p o n d i n g  1 , 2 , 5 , 6 —t e t r a h y d r o p y r i d i n e . R e t e n t i o n  t im e s  of  
t h e  p u r e  p i p e r i d i n e  and th e  p i p e r i d i n e  p r e s e n t  in  the  sodium 
b o r o h y d r i d e  r e d u c t i o n  m i x t u r e  ware  a l s o  compared by d i l u t i n g  
t h e  m i x t u r e  w i t h  th e  p u r e  p i p e r i d i n e .  The r e s u l t i n g  sample  
was t h e n  c h r o m a t o g r a p h e d .  The ch rom atog ram  o b t a i n e d  i n  t h i s  
way d i d  n o t  e x h i b i t  new p e a k s  b u t  r a t h e r  an i n c r e a s e  i n  th e  
r e l a t i v e  p e a k  a r e a  o f  t h e  p e a k  o f  s h o r t e r  r e t e n t i o n  t i m e .  
I n f r a r e d  s p e c t r a  of  t h e s e  m i x t u r e s  were i d e n t i c a l  w i t h  t h o s e  
o f  t h e  o r i g i n a l  sodium b o r o h y d r i d e  r e d u c t i o n  m i x t u r e s  w i t h  
th e  e x c e p t i o n  o f  s l i g h t  i n t e n s i t y  c h a n g e s  i n  some of  t h e  b a n d s .
In  c o n t r a s t  t o  t h e  r e d u c t i o n  o f  t h e  p y r i d i n i u m  i o n s  
i n d i c a t e d  ab o v e ,  th e  r e d u c t i o n  of  4—p h e n y l p y r i d i n e  m e t h i o d i d e  
(XXI),  If-me th y  I p y  r i d  i n e  m e t h i o d i d e  (XIV) and 4-^@ t h y l —2—p h e n y l -  
p y r i d i n e  m e t h i o d i d e  (XIX) gave a s i n g l e  p r o d u c t  i n  e a c h  c a s e .  
The g a s  c h ro m a to g ra m  o f  e a c h  r e d u c t i o n  p r o d u c t  e x h i b i t e d  a 
s i n g l e  s h a r p  p e a k .  The p r o d u c t  o b t a i n e d  frcan t h e  r e d u c t i o n  of  
XIV was shown t o  be t h e  1 , 2 , 5 , 6 —t e t r a h y d r o p y r i d i n e  by  c a t a l y ­
t i c  h y d r o g e n a t i o n  t o  t h e  c o r r e s p o n d i n g  p i p e r i d i n e .  The i n f r a —
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r e d  and u l t r a v i o l e t  s p e c t r a  o f  th e  t e t r a h y d r o p y r l d l n e  w e re  i n  
a c c o r d  w i t h  t h e  s t r u c t u r a l  a s s i g n m e n t  a s  were  t h e  m e l t i n g  
p o i n t s  o f  i t s  d e r i v a t i v e s .  The s t r u c t u r a l  a s s i g n m e n t s  t o  t h e  
p r o d u c t s  o b t a i n e d  f rom  XXI and XIX h a v e  a l r e a d y  b e e n  d i s c u s s e d .
S in c e  th e  r e d u c t i o n  o f  XIX a p p e a r e d  t o  g i v e  o n ly  a 
s i n g l e  t e t r a h y d r o p y r l d l n e ,  i t  became d e s i r a b l e  t o  s t u d y  t h e  
r e d u c t i o n  of  2—p h e n y l p y r i d i n e  m e t h i o d i d e  (X V II I )  a s  a f u r t h e r  
c h e c k  f o r  t h e  p o s s i b l e  f o r m a t i o n  o f  d o u b l e  bond i s o m e r s  o f  t h e  
t e t r a h y d r o p y r l d l n e .  Gas c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  
m a t e r i a l  o b t a i n e d  f rom  t h e  sodium b o r o h y d r i d e  r e d u c t i o n  o f  
XVII r e v e a l e d  th e  p r e s e n c e  o f  two p r o d u c t s ;  h o w e v e r ,  one o f  
t h e s e  p r o d u c t s  was i d e n t i c a l  i n  r e t e n t i o n  t im e  t o  1 - m e t h y l —2— 
p h e n y l p i p e r i d i n e  (X L V III )  w h ic h  was o b t a i n e d  f ro m  t h e  c a t a l y ­
t i c  h y d r o g e n a t i o n  o f  t h e  sod ium  b o r o h y d r i d e  r e d u c t i o n  m a t e r i a l .  
The u l t r a v i o l e t  and p r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r a  o f  t h e  
o t h e r  component  o f  t h e  m i x t u r e  i n d i c a t e d  t h a t  i t  was 1 - m e t h y l — 
2—p h e n y l —1 , 2 , 3 , 6 —t e t r a h y d r o p y r i d i n e  (XXXI). The u l t r a v i o l e t  
a b s o r p t i o n  s p e c t ru m  of  XXXI showed o n l y  f i n e  s t r u c t u r e  o f  low 
e x t i n c t i o n  n e a r  26o mp and end a b s o r p t i o n  be low  225 m^j, i n ­
d i c a t i v e  o f  an u n c o n j u g a t e d  p h e n y l  s u b s t i t u e n t .  These d a t a
e l i m i n a t e d  1 - m e t h y l —2—p h e n y l —1 , 4 , 5 , 6 - t e t r a h y d r o p y r i d i n e  a s  a
39p o s s i b l e  s t r u c t u r e ,  s i n c e  B u c h e l  h a s  r e p o r t e d  t h a t  t h i s  
compound h a s  an  u l t r a v i o l e t  a b s o r p t i o n  band  a t  275 m^. The 
p r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r u m  o f  XXXI c o n f i r m e d  t h e  1 , 2 ,
3 , 6 —t e t r a h y d r o p y r i d i n e  s t r u c t u r e .  The s p e c t r u m  c o n t a i n e d  a 
b r o a d  p e a k  a t  5 . 8 5  ppm due t o  th e  v i n y l  h y d r o g e n ,  a q u a r t e t  
a t  3 .32  ppm due t o  t h e  b e n z y l i c  h y d r o g e n ,  a m u l t i p l e t  a t  3*05
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ppm due t o  t h e  m e t h y l e n e  a t  t h e  6—p o s i t i o n ,  a m u l t i p l e t  a t  
2 .43  ppm a s s i g n e d  t o  t h e  m e t h y l e n e  a t  t h e  3—p o s i t i o n  and  a 
s i n g l e t  a t  2 . 1 9  ppm r e s u l t i n g  f rom  t h e  h y d r o g e n s  o f  t h e  N— 
m e t h y l  g r o u p .  The b e n z y l l c  h y d r o g e n  q u a r t e t  c o n f i r m e d  t h e  1 ,
2 , 3 , 6 —t e t r a h y d r o p y r l d l n e  s t r u c t u r e .
F u r t h e r  e v i d e n c e  t h a t  th e  o t h e r  component  o f  t h e  
m i x t u r e  o b t a i n e d  f rom  t h e  sodium b o r o h y d r i d e  r e d u c t i o n  o f  
XVII was a p i p e r i d i n e  and n o t  a d o u b le  bond i s o m e r  o f  t h e  
t e t r a h y d r o p y r l d l n e  was o b t a i n e d  by  a c o m p a r i s o n  o f  t h e  i n ­
f r a r e d  sp e c t r u m  of  t h e  o r i g i n a l  r e d u c t i o n  m i x t u r e  w i t h  t h a t  
o f  a m i x t u r e  p r e p a r e d  by  d i l u t i n g  t h e  t e t r a h y d r o p y r l d l n e ,
XXXI, w i t h  t h e  p u r e  p i p e r i d i n e ,  X L V II I .  These s p e c t r a  were  
i d e n t i c a l .  A g a s  c h ro m a to g ra m  o f  t h i s  p r e p a r e d  m i x t u r e  was 
a l s o  i d e n t i c a l  w i t h  t h a t  of  t h e  o r i g i n a l  r e d u c t i o n  m i x t u r e .
The p i p e r i d i n e  a g a i n  e x h i b i t e d  t h e  s h o r t e r  r e t e n t i o n  t i m e .
These r e s u l t s  led  t o  t h e  q u e s t i o n  o f  w h e t h e r  o r  n o t  
t h e  sodium b o r o h y d r i d e  r e d u c t i o n  o f  a p p r o p r i a t e l y  s u b s t i t u t e d  
p y r i d i n i u m  i o n s  would g i v e  s t e r i c a l l y  homogeneous o r  s t e r i — 
c a l l y  inhom ogeneous  p r o d u c t s .  F o r  t h i s  p u r p o s e  t h e  r e d u c t i o n s  
o f  1 , 3 , 5 —t r i m e t h y l —2—p h e n y l p y r i d i n i u m  i o d i d e  (XX) and  1 , 3 — 
d i m e t h y l —2—p h e n y l p y r i d i n i u m  i o d i d e  (X V II I )  w ere  s t u d i e d .
The g a s  c h r o m a t o g r a p h i c  a n a l y s i s  o f  the  m a t e r i a l  ob­
t a i n e d  f rom  t h a  b o r o h y d r i d e  r e d u c t i o n  of  X V II I  r e v e a l e d  f o u r  
p r o d u c t s .  Two o f  t h e s e  w ere  i d e n t i c a l  i n  r e t e n t i o n  t im e  t o  
t h e  p r o d u c t s  o f  t h e  c a t a l y t i c  h y d r o g e n a t i o n  of  t h i s  sodium 
b o r o h y d r i d e  r e d u c t i o n  m i x t u r e  and t h u s  were  i s o m e r i c  p i p e r i ­
d i n e s .  The two r e m a i n i n g  p r o d u c t s  were  e i t h e r  g e o m e t r i c a l
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i s o m e r s  o f  1 , 3 - d i m e t h y l —2—p h e n y l —1 , 2 , 3 , 6 —t e t r a h y d r o p y r i d i n e  
(XXXII) o r  a m i x t u r e  o f  XXXII and i t s  3 , 4 —d o u b l e  bond i s o m e r .  
The f o r m e r  a l t e r n a t i v e  i s  p r e f e r r e d  by  a n a l o g y  t o  t h e  p r o d u c t s  
o b t a i n e d  f rom  t h e  r e d u c t i o n  o f  4 " ^ o t h y l —2—p h e n y l — and 2—p h e n y l -  
p y r i d i n e  m e t h i o d i d e ,  XIX and XVII r e s p e c t i v e l y .  The p o s s i b i l i t y  
t h a t  one o f  t h e  p r o d u c t s  was a 1 , 4 , 5 , 6 — o r  a 1 , 2 , 3 , 4 —t e t r a — 
h y d r o p y r i d i n e  was e l i m i n a t e d  by i n s p e c t i o n  of  t h e  u l t r a v i o l e t  
a b s o r p t i o n  s p e c t r u m  of  t h e  b o r o h y d r i d e  r e d u c t i o n  m i x t u r e .  T h is  
s p e c t r u m  showed o n l y  f i n e  s t r u c t u r e  o f  low e x t i n c t i o n  n e a r  260 
m^ and  end a b s o r p t i o n  b e low  220 m}i, i n d i c a t i n g  t h e  p r e s e n c e  of  
an  u n c o n j u g a t e d  p h e n y l  s u b s t i t u e n t  and t h e  a b s e n c e  of  a v i n y l  
amine t y p e  s t r u c t u r e .  These  d a t a  s u g g e s t e d  t h a t  th e  sodium 
b o r o h y d r i d e  r e d u c t i o n  o f  t h e  p y r i d i n i u m  i o n  i s  non—s t e r ô o -  
s p e c i f i c  w i t h  r e s p e c t  t o  b o t h  t e t r a h y d r o p y r i d i n e  and p i p e r i d i n e  
f o r m a t i o n .  The b o r o h y d r i d e  r e d u c t i o n  o f  XX f u r t h e r  s u p p o r t e d  
t h i s  b e l i e f .
The gas  c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  m a t e r i a l  ob­
t a i n e d  f ro m  th e  r e d u c t i o n  o f  1 , 3 , 5 —t r i m e t h y l —2—p h e n y l p y r i — 
d i n iu m  i o d i d e  (XX) w i t h  sodium b o r o h y d r i d e  r e v e a l e d  t h a t  i t  
was a m i x t u r e  o f  f i v e  com pounds .  Three  o f  t h e s e  compounds 
( t h r e e  s h o r t e s t  r e t e n t i o n  t i m e s )  were  i d e n t i c a l  i n  r e t e n t i o n  
t im e  t o  t h r e e  o f  t h e  f o u r  i s o m e r i c  p i p e r i d i n e s  o b t a i n e d  f rom  
t h e  c a t a l y t i c  h y d r o g e n a t i o n  o f  1 , 3 , 5 —t r i m e t h y l —2—p h e n y l —1 , 6 — 
d i h y d r o p y r i d i n e  (XIV).  The two r e m a i n i n g  p e a k s  i n  t h e  gas  
ch ro m a to g ra m  o f  t h e  m e t a l  h y d r i d e  r e d u c t i o n  m i x t u r e  were 
a s s i g n e d  t o  g e o m e t r i c a l  i s o m e r s  o f  1 , 3 , 5 —t r i m e t h y l —2—p h en y1—
1 , 2 , 3 , 6 —t e t r a h y d r o p y r l d l n e  (XXXIV) r a t h e r  t h a n  t o  d o u b le  bond
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I s o m e rs  o f  XXXIV. The u l t r a v i o l e t  s p e c t r u m  o f  XXXIV d id  n o t
a l l o w  f o r  a 1 , 4 , 5 , 6 — o r  1 , 2 , 3 , 4 —t e t r a h y d r o p y r i d i n e ,  s i n c e  i t
showed o n ly  f i n e  s t r u c t u r e  o f  low e x t i n c t i o n  n e a r  260 mp. and
end a b s o r p t i o n  be low 225 m^. The p r e s e n c e  o f  a 1 , 2 , 5 , 6 —
t e t r a h y d r o p y r l d l n e  c o u l d  n o t  be  v i g o r o u s l y  e x c l u d e d  b u t  would
seem u n l i k e l y  by a n a l o g y  t o  t h e  r e d u c t i o n  o f  XIX and XVII.
These d a t a  gave  f u r t h e r  e v i d e n c e  f o r  t h e  non—s t e r e o s p e c i f i c
n a t u r e  o f  t h i s  ty p e  o f  r e d u c t i o n .  A s i m i l a r  c o n c l u s i o n  h a s
9
b e e n  r e a c h e d  by  F e r l e s  f o r  t n e  r e d u c t i o n  o f  1 , 2 , 6 —t r i m e t h y l — 
p y r i d i n i u m  i o d i d e .
F u r t h e r  i n f o r m a t i o n  a b o u t  the  n a t u r e  of t h i s  r e d u c ­
t i o n  was o b t a i n e d  by t h e  i n s p e c t i o n  o f  th e  r e l a t i v e  y i e l d s  o f  
p i p e r i d i n e  and t e t r a h y d r o p y r l d l n e  shown i n  TABLE V. These 
d a t a  a r e  summarized  h a r e .  I n s p e c t i o n  o f  t h e s e  d a t a  r e v e a l e d  
t h a t  t h e  p i p e r i d i n e  p e r c e n t a g e  i n c r e a s e d  f rom  5 t o  12 t o  28 
p e r c e n t  as  th e  1 - s u b s t i t u e n t  was v a r i e d  f rom  a b u t y l  g rou p  
(XXXIX) t o  a b e n z y l  g r o u p  (XXX) t o  a n  i s o p r o p y l  g r o u p  (X X V III ) .  
S u b s t r a t e s  w i t h  b o t h  a 1— and a 3—s u b s t i t u e n t , XXV and XXXII, 
had  r e l a t i v e l y  l a r g e  p e r c e n t a g e s  o f  p i p e r i d i n e ,  30 p e r c e n t  and 
52  p e r c e n t  r e s p e c t i v e l y .  S u b s t r a t e s  w i t h  b o t h  a 3— and a 5—  
s u b s t i t u e n t  had  a much l o w e r  p i p e r i d i n e  c o n t e n t ,  XXXIV had 
l 8  p e r c e n t  and XXXVII had 11 p e r c e n t . As p r e v i o u s l y  m e n t i o n e d ,  
s u b s t r a t e s  w i t h  4—s u b s t i t u e n t s ,  XXXIII ,  XXXVI and XXXVIII, had 
no  d e t e c t a b l e  p i p e r i d i n e  c o n t e n t . The p i p e r i d i n e  c o n t e n t  i n  
t h a  r e d u c t i o n  m i x t u r e  o b t a i n e d  f rom  1 , 2 , 6 —t r i m e t h y l p y r i d i n i u m  
i o d i d e  (XVI) was e s t i m a t e d  t o  be 44  p e r c e n t  by p r o t o n  m a g n e t i c  
r e s o n a n c e  s p e c t r o s c o p y .  T h i s  was b a s e d  on a c o m p a r i s o n  of t h e
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i n t e g r a l s  o f  t h e  v i n y l  h y d r o g e n  p e a k  and t h e  N n n e th y l  p e a k .
A l th o u g h  t h e  p r e s e n c e  o f  p i p e r i d i n e  i n  t h e  p r o d u c t  
m i x t u r e s  o b t a i n e d  f rom  sodium b o r o h y d r i d e  r e d u c t i o n  o f  p y r i — 
d in iu m  i o n s  may be a c c o u n t e d  f o r  by a number  o f  p l a u s i b l e  
m ec han ism s ,  i t  would a p p e a r  r e a s o n a b l e  t o  assume t h a t  the  
p i p e r i d i n e  r e s u l t e d  f rom  an i n i t i a l  b o r o h y d r i d e  a t t a c k  a t  th e  
4—p o s i t i o n  of  t h e  p y r i d i n i u m  io n  r a t h e r  t h a n  a t  t h e  2— o r  6— 
p o s i t i o n s .  A 1 , 4 —b i h y d r o p y r i d i n e  fo rm ed  i n  t h i s  way w ould  be 
e x p e c t e d  t o  u n d e rg o  c o m p le t e  r e d u c t i o n  t o  th e  p i p e r i d i n e ,  
s i n c e  i t  p o s s e s s e s  a d o u b le  enamine  s y s t e m  r a t h e r  t h a n  a d i — 
enamine s y s t e m .  The r e d u c t i o n  o f  t h e  1 , 4 —d i h y d r o p y r i d i n e  would 
t h e n  be a n a l o g o u s  t o  t h e  second  and t h i r d  s t e p s  p o s t u l a t e d  f o r  
th e  r e d u c t i o n  o f  t h e  1 , 2 - d i h y d r o p y r i d i n e  t o  t h e  t e t r a h y d r o p y r i — 
d in e  e x c e p t  t h a t  t h e  p r o c e s s  would o c c u r  t w i c e  i n  o r d e r  t o  
o b t a i n  t h e  p i p e r i d i n e .  This  m echanism  i s  shown i n  F i g u r e  4»
The i s o l a t i o n  o f  a sm a l l  amount  o f  1 , 4 - d i h y d r o p y r i d i n e  
from t h e  r e d u c t i o n  o f  3 , 5 —d i p h e n y l p y r i d i n e  m e t h i o d i d e  (XXII)  
and f rom  t h e  r e d u c t i o n  o f  e t h y l  5—b r o m o n i c o t i n a t e  m e t h i o d i d e  
(XXV) c o n f i r m e d  t h e  f a c t  t h a t  1 , 4 —d i h y d r o p y r i d i n e s  a r e  fo rm ed 
d u r i n g  th e  sodium b o r o h y d r i d e  r e d u c t i o n  o f  p y r i d i n i u m  i o n s .
I f  i t  i s  assumed t h a t  t h e  p i p e r i d i n e  was form ed 
t h r o u g h  t h e  1 , 4 —d i h y d r o p y r i d i n e ,  some s i g n i f i c a n c e  c a n  be  
a t t a c h e d  t o  t h e  g a s  c h ro m a to g r a p h y  d a t a .  Thus a s  t h e  s t e r i c  
i n t e r f e r e n c e  o f  t h e  1—s u b s t i t u e n t  on b o r o h y d r i d e  a t t a c k  a t  
th e  2— o r  6—p o s i t i o n s  i n c r e a s e d ,  t h e  r e l a t i v e  y i e l d  o f  p i p e r i ­
d in e  a l s o  i n c r e a s e d .  The 1—b u t y l p y r i d i n i u m  b ro m id e  (XI)  gave 
5 p e r c e n t  p i p e r i d i n e ,  1—b e n z y l p y r i d i n i u m  b ro m id e  ( X I I ) g a v e
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12 p e r c e n t  p i p e r i d i n e  and 1—i s o p r o p y I p y r i d i n i u m  i o d i d e  (X) 
gave  28 p e r c e n t  p i p e r i d i n e .
The e f f e c t  o f  s u b s t i t u e n t s  a t  o t h e r  r i n g  p o s i t i o n s  
on t h e  amount  o f  p i p e r i d i n e  f o r m a t i o n  a p p e a r e d  t o  be more 
c o m p le x .  Thus 1 , 3 —d i m e t h y l  p y r i d i n i u m  i o d i d e  ( X I I I )  gave 
30 p e r c e n t  p i p e r i d i n e .  T h i s ,  h o w e v e r ,  may be a n  u n u s u a l  
c a s e ,  s i n c e  t h e  m a j o r  u n s a t u r a t e d  p r o d u c t  was 1 , 3 —d i m e t h y 1—
1 , 2 , 5 , 6 —t e t r a h y d r o p y r i d i n e ( X X X V ) , i n d i c a t i n g  t h a t  th e  i n i t i a l  
h y d r i d e  a t t a c k  o c c u r r e d  a t  t h e  more h i n d e r e d  2—p o s i t i o n ,  
r a t h e r  t h a n  a t  t h a  r e l a t i v e l y  u n h i n d e r e d  6—p o s i t i o n .  T h is  
c u r i o u s  r e s u l t  h a s  a l s o  b e e n  o b s e r v e d  f o r  t h e  p h e n y l l i t h i u m
a d d i t i o n  t o  3 - f n e t h y l p y r i d i n e ,  where  t h e  p r e d o m i n a n t  p r o d u c t
23was 3—m e t h y l —2—p h e n y l p y r i d i n e . T h is  may a c c o u n t  f o r  t h e
h i g h  p e r c e n t a g e  o f  p i p e r i d i n e  o b t a i n e d  f rom  t h e  r e d u c t i o n  o f  
X I I I ,  s i n c e  t h e  4—p o s i t i o n  i s  r e l a t i v e l y  u n h i n d e r e d  a s  com­
p a r e d  t o  t h e  2—p o s i t i o n .  I n  t h e  c a s e  o f  1 , 4 —d i m a t h y 1p y r i — 
d in iu m  i o d i d e  (XIV),  w here  t h e  4—p o s i t i o n  i s  b l o c k e d ,  no t r a c e  
o f  p i p e r i d i n e  c o u ld  be d e t e c t e d .  On t h e  o t h e r  h a n d ,  b l o c k i n g  
b o t h  t h e  2— and 6—p o s i t i o n s  d id  n o t  p r o h i b i t  t e t r a h y d r o p y r i -  
d i n e  f o r m a t i o n  c o m p l e t e l y  a s  e v id e n c e d  by  t h e  p r o d u c t  com­
p o s i t i o n  (44  p e r c e n t  p i p e r i d i n e )  o b t a i n e d  from t h e  r e d u c t i o n  
o f  1 , 2 , 6 —t r i m e  t h y I p y r i d i n i u m  i o d i d e ( X V I ) .  T h is  i s  i n t e r p r e t e d  
t o  mean t h a t  a t t a c k  a t  t h e  2— o r  6—p o s i t i o n s  i s  f a v o r e d  o v e r  
a t t a c k  a t  t h e  4—p o s i t i o n ,  e l e c t r o n i c a l l y  a s  w e l l  as  s t a t i s ­
t i c a l l y .
In  t h e  c a s e  o f  1 , 3 , 5 —t r i m e t h y l p y r i d i n i u m  i o d i d e  (XV), 
t h e  s t e r i c  i n t e r f e r e n c e  t o  a t t a c k  a t  t h e  4—p o s i t i o n  and t h e  
e q u i v a l e n t  2— and 6—p o s i t i o n s  sh o u ld  be i n  t h e  same o r d e r  o f
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m a g n i t u d e .  The 12 p e r c e n t  p i p e r i d i n e  o b t a i n e d  f rom  th e  
sod iu m  b o r o h y d r i d e  r e d u c t i o n  of  XV i n d i c a t e d  more t h a n  a 
s t a t i s t i c a l  p r e f e r e n c e  f o r  h y d r i d e  a t t a c k  a d j a c e n t  t o  the  
n i t r o g e n .
The d a t a  f o r  2—p h e n y l p y r i d i n e  m e t h i o d i d e  (XVII) gave 
a b e t t e r  s e p a r a t i o n  o f  t h e  s t a t i s t i c a l  and e l e c t r o n i c  f a c t o r s .
I f  i t  i s  assumed t h a t  t h e  p h e n y l  s u b s t i t u e n t  p r e v e n t s  a t t a c k  
a t  t h e  2—p o s i t i o n ,  t h e n  t h e  s t a t i s t i c a l  p r o b a b i l i t y  o f  a t t a c k  
a t  t h e  4“  o r  6—p o s i t i o n  becom es e q u a l .  Compound XVII gav.e- 
o n l y  8 p e r c e n t  p i p e r i d i n e ,  i n d i c a t i n g  a s t r o n g  e l e c t r o n i c a l l y  
d i r e c t e d  p r e f e r e n c e  f o r  h y d r i d e  a t t a c k  t o  o c c u r  a t  t h e  6— 
p o s i t i o n .  The 4““S o b s t i t u t e d  member of  t h e  2—p h e n y l p y r i d i n e  
m e t h i o d i d e  s e r i e s ,  XIX, gave no t r a c e  o f  p i p e r i d i n e ,  i n d i ­
c a t i n g  a g a i n  t h e  a b i l i t y  o f  a 4—s u b s t i t u e n t  t o  p r e v e n t  any 
d e t e c t a b l e  amount  o f  p i p e r i d i n e  f o r m a t i o n .
The sodium b o r o h y d r i d e  r e d u c t i o n  of  1 , 3 , 5 —t r i m e t h y l —
2—p h e n y l p y r i d i n i u m  i o d i d e  (XV) gave  18 p e r c e n t  p i p e r i d i n e .
I t  w ould  a p p e a r  t h a t  a t t a c k  a t  e i t h e r  t h e  4~ o r  6—p o s i t i o n  
would  be s u b j e c t  t o  s i m i l a r  s t e r i c  i n t e r a c t i o n s ,  so  t h a t  t h e  
e l e c t r o n i c  p r e f e r e n c e  f o r  a t t a c k  a t  t h e  6—p o s i t i o n  p r e d o m i n a t e d . 
In  t h i s  c a s e  p r o t o n a t i o n  o f  e i t h e r  a 1 , 6 — o r  1 , 4 —d i h y d r o p y r i d i n e  
would a l s o  be  s u b j e c t  t o  s t e r i c  i n t e r f e r e n c e  by t h e  m e th y l  
g r o u p s  a t  t h e  3— and 5—p o s i t i o n s .  T h is  s t e r i c  i n t e r f e r e n c e  
s h o u l d  be o f  t h e  same o r d e r  o f  m a g n i tu d e  i n  e a c h  c a s e .
The r e d u c t i o n  of  1 , 3 —d i m e t h y l —2—p h e n y I p y r i d i n i u m  i o d i d e  
(X V II I )  was a p a r t i c u l a r l y  i n t e r e s t i n g  c a s e ,  s i n c e  th e  p i p e r i ­
d i n e  p r o d u c t s  p r e d o m i n a t e d  i n  a 52 p e r c e n t  r e l a t i v e  y i e l d .
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The b u t t r e s s i n g  a f f e c t  o f  t h e  p h e n y l  s u b s t i t u e n t  a d j a c e n t  t o  
two m e t h y l  g r o u p s  may e x e r t  a g r e a t e r  s t e r i c  e f f e c t  on th e  
6—p o s i t i o n  t h a n  i t  would  a p p e a r .  However, i t  s h o u l d  b e  n o t e d  
t h a t  p r o t o n a t i o n  o f  t h e  3—p o s i t i o n  o f  t h e  1 , 6 —d i h y d r o p y r i d i n e  
would be s e r i o u s l y  h i n d e r e d  by  t h e  com bined  b u l k  e f f e c t  o f  
t h e  2—p h e n y l  and t h e  3 - m e t h y l  s u b s t i t u e n t s .  On th e  o t h e r  
h a n d ,  p r o t o n a t i o n  o f  t h e  1 , 4 —d i h y d r o p y r i d i n e  and s u b s e q u e n t  
r e d u c t i o n  t o  a 1 , 4 , 5 , 6 —t e t r a h y d r o p y r i d i n e  would be r e l a t i v e l y  
u n h i n d e r e d .  T h i s  s p e c i e  c o u l d  t h e n  r e d u c e  s l o w l y  t o  t h e  
p i p e r i d i n e .  A r a p i d  r e d u c t i o n  o f  t h e  1 , 4 —d i h y d r o p y r i d i n e  
c o u p le d  w i t h  a r e l a t i v e l y  s lo w  r e d u c t i o n  o f  t h e  1 , 6 —d i h y d r o — 
p y r i d i n e  m ig h t  h a v e  p e r m i t t e d  some of  t h e  l a t t e r  i s o m e r  t o  
e i t h e r  r e a r r a n g e  o r  s e r v e  a s  a h y d r i d e  s o u r c e  f o r  r e d u c t i o n  
o f  o t h e r  s p e c i e s  i n  t h e  s o l u t i o n .  -%at d i h y d r o p y r i d i n e s  i n  
s o l u t i o n  may s e r v e  a s  r e d u c i n g  a g e n t s  h a s  b e a n  p o s t u l a t e d  by 
L a n s b u r y . ^ ^  T h i s  p r e s u m a b l y  would i n v o l v e  t h e  d i h y d r o p y r i — 
d i n e  a c t i n g  a s  a s o u r c e  o f  h y d r i d e  i o n .
I t  p e r h a p s  would be b e s t  t o  s t a t e  s i m p ly  t h a t  t h e s e  
d a t a  show t h a t  p i p e r i d i n e  f o r m a t i o n  can  become i m p o r t a n t  a s  
a r e s u l t  o f  s t e r i c  i n t e r f e r e n c e  t o  a t t a c k  by t h e  b o r o h y d r i d e  
a t  2— a n d / o r  6—p o s i t i o n . I n  a l l  t h e  c a s e s  s t u d i e d  i t  would 
a p p e a r  t h a t  i n i t i a l  b o r o h y d r i d e  a t t a c k  a t  a p o s i t i o n  a d j a c e n t  
t o  t h a  n i t r o g e n  was s t r o n g l y  e l e c t r o n i c a l l y  f a v o r e d .
C a t a l y t i c  h y d r o g e n a t i o n  o f  t e t r a h y d r o p y r i d i n e s . — Tha 
r e f e r e n c e  s a m p le s  o f  p i p e r i d i n e s  u s e d  f o r  t h e  g a s  c h ro m a to ­
g r a p h i c  a n a l y s i s  o f  t h e  sod ium  b o r o h y d r i d e  r e d u c t i o n  m i x t u r e s  
ware  o b t a i n e d  f ro m  t h e  c a t a l y t i c  h y d r o g e n a t i o n  of  t h e s e  mix—









p y r i d i n e
1 ,4 ,5 ,6 -




P i p e r i d i n e
F i g .  4 .  Mechanism f o r  t h e  F o r m a t i o n  o f  P i p e r i d i n e  from 
t h e .  Sodium B o r o h y d r i d e  R e d u c t i o n  o f  P y r i d i n i u m  I o n s .
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t u r s s  o r  f rom t h a  h y d r o g e n a t i o n  o f  t h e  p u re  t e t r a h y d r o p y r i — 
d i n e s .  Tha p h y s i c a l  p r o p e r t i e s  o f  t h e s e  p i p e r i d i n e s  a r e  i n ­
d i c a t e d  i n  T^BL3 V I I I .  The g a s  c h r o m a t o g r a p h i c  a n a l y s i s  o f  
t h e  m a t e r i a l  o b t a i n e d  from th e  h y d r o g e n a t i o n  o f  1—i s o p r o p y l —,
1—b u t y l —, 1—b e n z y l —, 1 , 3 —d i m e t h y l —, 1 ,  l^ —d ime t h y l  j 1 - r a e th y l—2— 
p h e n y l — and l,!^.—d i m e t h y l —2—p h e n y l t e t r a h y d r o p y r i d l n e  i n d i c a t e d
a s i n g l e  p r o d u c t  i n  e a c h  c a s e .  The g a s  c h r o m a t o g r a p h i c  a n a l y ­
s i s  of  t h e  m a t e r i a l  o b t a i n e d  f rom  t h e  h y d r o g e n a t i o n  o f  t h e  
sod ium  b o r o h y d r i d e  r e d u c t i o n  m i x t u r e  o b t a i n e d  from 1 , 3 —d i m e t h y l -
2—p h e n y l p y r i d i n i u m  i o d i d e  I n d i c a t e d  t h e  p r e s e n c e  o f  two p i p e r i ­
d i n e  i s o m e r s .  The r e f e r e n c e  sam ple  o f  1 , 3 , 5 —t r i m e t h y l —2— 
p h e n y l p i p e r i d i n e ( X L I X )  was p r e p a r e d  f rom  t h e  c a t a l y t i c  h y d r o ­
g e n a t i o n  of  1 , 3 , 5 —t r i m e t h y l —2—p h e n y l —1 , 6 —d i h y d r o p y r i d i n e  (L IV ) .  
The h y d r o g e n a t i o n  p r o d u c t  was shown t o  be a m i x t u r e  o f  f o u r  
i s o m e r i c  p i p e r i d i n e s  by g a s  c h r o m a t o g r a p h i c  a n a l y s i s .  I t  
s h o u l d  be n o t e d  t h a t  i n  a l l  t h a  e x a m p le s  s t u d i e d ,  t h e  p i p e r i ­
d i n e s  a lw a y s  e x h i b i t e d  a s h o r t e r  r e t e n t i o n  t im e  t h a n  th e  c o r ­
r e s p o n d i n g  t e t r a h y d r o p y r i d i n e s .
I n f r a r e d  s p e c t r a  o f  t e t r a h y d r o p y r i d i n e s . -  S in c e  i n ­
f r a r e d  s p e c t r o s c o p y  was u se d  a s  s u p p o r t i n g  e v i d e n c e  f o r  t h e  
p r e s e n c e  of  p i p e r i d i n e s  i n  t h e  sodium b o r o h y d r i d e  r e d u c t i o n  
m i x t u r e s ,  some f u r t h e r  comments on how t e t r a h y d r o p y r i d i n e s  
and p i p e r i d i n e s  can  be d i s t i n g u i s h e d  by i n f r a r e d  s p e c t r o s c o p y  
a r e  p r e s e n t e d  h e r e .
The i n f r a r e d  s p e c t r a  of  th e  t e t r a h y d r o p y r i d i n e s  p r e ­
p a r e d  i n  t h i s  s t u d y  ware  q u i t e  s i m i l a r  t o  t h e  c o r r e s p o n d i n g  
p i p e r i d i n e s  i n  m os t  r e g i o n s  o f  t h e  s p e c t r u m .  S in c e  t h e  o n ly
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m a j o r  s t r u c t u r a l  d i f f e r e n c e  b e t w e e n  t h e  two c l a s s e s  of  com­
pou n d s  i s  t h e  v i n y l  h y d r o g e n  c o n t a i n e d  i n  t h e  t e t r a h y d r o — 
p y r i d i n e ,  t h e  v i n y l  C—H o u t  o f  p l a n e  b e n d i n g  v i b r a t i o n  would 
be e x p e c t e d  t o  be t h e  m o s t  c h a r a c t e r i s t i c  i n f r a r e d  band u s e ­
f u l  i n  d i s t i n g u i s h i n g  b e tw e e n  t h e  t e t r a h y d r o p y r i d i n e  and i t s  
c o r r e s p o n d i n g  p i p e r i d i n e , ^  The 1000 t o  750  cm~^ r e g i o n  o f  
t h e  i n f r a r e d  s p e c t r u m  w a s ,  i n  f a c t ,  t h e  o n l y  r e g i o n  i n  w h ic h  
a c l e a r  c u t  d i s t i n c t i o n  b e tw e e n  t h e  two c l a s s e s  o f  compounds 
c o u ld  be m ade .  The b a n d s  shown i n  column 1 o f  TABLE VI were  
a s s i g n e d  t o  t h e  v i n y l  C—H o u t  o f  p l a n e  b e n d i n g  v i b r a t i o n  o f  
th a  i n d i c a t e d  t e t r a h y d r o p y r i d i n e s .  T h is  was t h e  s t r o n g e s t  
o r  o n ly  band  i n  t h e  1000—750 cm*“^ r e g i o n  o f  t h e  t e t r a h y d r o — 
p y r i d i n e  s p e c t r u m  w h ic h  was n o t  p r e s e n t  i n  th e  s p e c t r u m  o f  
t h a  c o r r e s p o n d i n g  p i p e r i d i n e .  O t h e r  b a n d s  w h ich  were fou n d  
i n  the  s p e c t r a  o f  c e r t a i n  t e t r a h y d r o p y r i d i n e s  i n  t h i s  r e g i o n  
w h ic h  d i d  n o t  a p p e a r  i n  t h e  s p e c t r a  o f  t h e  c o r r e s p o n d i n g  
p i p e r i d i n e s  a r e  shown i n  co lum ns  2 , 3  and ij. o f  TABLE V I .  The 
s p e c t r a  o f  t e t r a h y d r o p y r i d i n e s  w i t h  two c i s  v i n y l  h y d r o g e n s  
n o r m a l l y  e x h i b i t e d  a band n e a r  800 cm””^ ,  w h i l e  t h e  s p e c t r a  
o f  t e t r a h y d r o p y r i d i n e s  w i t h  a s i n g l e  v i n y l  h y d r o g e n  u s u a l l y  
c o n t a i n e d  a band  n e a r  825 cm” ^ .
P r e p a r a t i o n  and i d e n t i f i c a t i o n  o f  d i h y d r o p y r i d i n e s .  
D u r i n g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n  i t  was fou n d  t h a t  t h e  
r e d u c t i o n  o f  c e r t a i n  3 , 5 —d i s u b s t i t u t e d  p y r i d i n i u m  i o n s  w i t h  
sod ium  b o r o h y d r i d e  gave o n l y  d i h y d r o p y r i d i n e s  a s  p r o d u c t s .  
These  p r o d u c t s  were  s u f f i c i e n t l y  s t a b l e  t o  p e r m i t  a c c u r a t e
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s t r u c t u r a l  a s s i g n m e n t s  t o  be  made and t o  p e r m i t  a s t u d y  o f  
some o f  t h e  r e a c t i o n s  o f  t h i s  t y p e  o f  compound t o  be c a r r i e d  
o u t .  T h a t  t h e s e  compounds d id  n o t  u n d e rg o  f u r t h e r  r e d u c t i o n  
t o  t h e  t e t r a h y d r o p y r i d i n e  was i n t e r p r e t e d  i n  t e r m s  o f  b o t h  an  
e l e c t r o n i c  and a s t e r i c  r e s i s t a n c e  o f  t h i s  t y p e  o f  d l e n a m ln e  
sy s te m  t o  p r o t o n a t i o n  by t h e  s o l v e n t  medium.
The sodium b o r o h y d r i d e  r e d u c t i o n  o f  3 , 5 —d i p h e n y l p y r i ­
d in e  m e t h i o d i d e  (XXII) i n  a q u e o u s  N,N—d im e th y l f o r m a m ld e  gave 
an  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d  o f  a m i x t u r e  composed o f  
75 p e r c e n t  1 - m e t h y l —3 , 5 —d i p h e n y l —1 , 2 - d i h y d r o p y r i d i n e  (L) and 
25 p e r c e n t  o f  1 - m e t h y l —3 , 5 —d i p h e n y l —l , i | —d l h y d r o p y r l d l n e  ( L I ) .  
The r e l a t i v e  p e r c e n t a g e s  were  d e t e r m i n e d  by  p r o t o n  m a g n e t i c  
r e s o n a n c e  s p e c t r o s c o p y .  Compound L was o b t a i n e d  i n  a p u r e  
s t a t e  b y  r e p e a t e d  r e c r y s t a l l i z a t i o n  o f  t h i s  m i x t u r e  f rom  i s o -  
p r o p a n o l .  A p u r e  sam ple  o f  L I  was o b t a i n e d  f rom  a sod ium  
d i t h l o n i t e  r e d u c t i o n  o f  XXII i n  a q u e o u s  sodium b i c a r b o n a t e  
s o l u t i o n .  The d i t h l o n i t e  r e d u c t i o n  o f  p y r i d i n i u m  i o n s  h a s
b e e n  shown t o  be s p e c i f i c  f o r  t h e  p r e p a r a t i o n  o f  l , i | .—d i h y d r o -  
14-2
p y r i d l n e s .
The s t r u c t u r a l  a s s i g n m e n t s  g i v e n  t o  L and L I  w ere  
b a s e d  p r i n c i p a l l y  on t h e i r  r e s p e c t i v e  p r o t o n  m a g n e t i c  r e s o ­
n ance  s p e c t r a .  The a p p e a r a n c e  o f  a s i n g l e t  w h ic h  i n t e g r a t e d  
f o r  two h y d r o g e n s  a t  ppm i n  t h e  s p e c t r u m  o f  L and a
s i m i l a r  s i n g l e t  a t  3 .6 9  ppm i n  t h a  s p e c t r u m  o f  L I  s u g g e s t e d  
t h a t  L c o n t a i n e d  a m e t h y l e n e  a d j a c e n t  t o  t h e  n i t r o g e n  w h i l e  
L I  d id  n o t .  The s p e c t r u m  o f  L e x h i b i t e d  two p e a k s  a t  6 . 8 2  
ppm and 7*09 ppm w h ic h  w ere  c o n v e n i e n t l y  a s s i g n e d  t o  t h e
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r e s o n a n c e  o f  two n o n e q u l v a l a n t  v i n y l  p r o t o n s .  E ach  p e a k  had 
an i n t e g r a l  w h ic h  c o r r e s p o n d e d  t o  one h y d r o g e n .  The s p e c ­
trum o f  L I  e x h i b i t e d  o n l y  a s i n g l e t  a t  6.87  w h ic h  i n t e g r a t e d  
f o r  two h y d r o g e n s .  T h is  i n d i c a t e d  t h a t  L I  had two e q u i v a ­
l e n t  v i n y l  h y d r o g e n s  and t h e r e f o r e  m ust  have  t h e  I,!*.—d i h y d r o —  
p y r i d i n e  s t r u c t u r e .  The d e t a i l e d  s p e c t r a  o f  L and L I  a r e  
g i v e n  i n  TABLE X I .
U l t r a v i o l e t  and v i s i b l e  s p e c t r o s c o p y ,  t e c h n i q u e s
o f t e n  used  t o  a s s i g n  s t r u c t u r e s  t o  d i h y d r o p y r i d i n e s ,  gave an
ambiguous r e s u l t  w i t h  L and L I .  The s p e c t r a  o f  b o t h  L and
L I  e x h i b i t e d  a l o n g  w a v e l e n g t h  band n e a r  kOS w i t h  a s h o u l d e r
n e a r  if.25 mp. The s p e c t r u m  o f  L I ,  h o w ever ,  e x h i b i t e d  much more
i n t e n s e  a b s o r p t i o n  i n  t h i s  r e g i o n .  The u l t r a v i o l e t  sp e c t ru m
o f  L c o n t a i n e d  b a n d s  a t  310 and 257 m p , w h i l e  t h a  sp e c t ru m
o f  L I  e x h i b i t e d  b a n d s  a t  297 and 2I4.9 mp w i t h  a s h o u l d e r  a t
266 m u .  Thus t h e  s p e c t r a  o f  L and L I  were  q u i t e  s i m i l a r .
19T r a b e r  and K a r r e r  have r e p o r t e d  t h a t  t h e  sp e c t ru m  
o f  1 , 2 ,  if., 6—t e t r a m e  t h y l —3 , 5 —d i c  a r b  oe th o x y —1 , 2 —d ihyd  r o p y  r i d  i n e  
e x h i b i t e d  maxima a t  290 and 38O mju, w h i l e  t h e  s p e c t r u m  of 
t h e  c o r r e s p o n d i n g  1 ,  if.—d ihyd  r o p y  r i d  i n e  e x h i b i t e d  maxima a t  260 
and 3if-8 mp. The f a c t  t h a t  t h e  s p e c t r a  o f  b o t h  L and LI  
showed t h e  same l o n g  w a v e l e n g t h  maximum i s  i n t e r p r e t e d  t o  
mean t h a t  e x t e n t i o n  of  c o n j u g a t i o n  t h r o u g h  t h e  n i t r o g e n  ( t h e  
n i t r o g e n  b e i n g  i n  some r e s p e c t s  s i m i l a r  t o  a n  e t h y l e n i c  bond)  
i s  i m p o r t a n t  i n  t h e  c a s e  o f  t h e  1 , if.—d i h y d r o p y r i d i n e ,  L I . ^ ^
The i n f r a r e d  s p e c t r a  o f  L and L I  w ere  a l s o  q u i t e  
s i m i l a r  ( s e e  TABLE X I I ) .  Tne m os t  u s e f u l  r e g i o n  o f  t h e  i n -
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f r a r e d  s p e c t r u m  f o r  t h e  c h a r a c t e r i z a t i o n  o f  d i h y d r o p y r i d i n e s  
i s  t h e  r e g i o n  f ro m  1700 t o  1500 cm""^. D i h y d r o p y r i d i n e s  h a v e  
s t r o n g  a b s o r p t i o n  b a n d s  i n  t h i s  r e g i o n  w h ic h  a r e  n o t  n o r m a l l y  
p r e s e n t  i n  t h e  c o r r e s p o n d i n g  p y r i d i n i u m  s a l t s  o r  t e t r a h y d r o — 
p y r i d i n e s . ^  The i n f r a r e d  s p e c t r u m  o f  L e x h i b i t e d  t h r e e  s t r o n g  
b a n d s  a t  1 635 ,  1 5 9 5 ,  and 1555 cm” ^ .  The s p e c t r u m  o f  t h e  1 , 4 “  
d i h y d r o p y r i d  i n e , L I ,  showed s t r o n g  bn a d s  a t  1685 ,  1625 ,  and 
I 6 l 0  cm”"^. These  b a n d s  a r e  p r e s u m a b l y  a s s o c i a t e d  w i t h  t h a  
c a r b o n - c a r b o n  d o u b l e  bond s t r e t c h i n g  f r e q u e n c i e s  o f  t h e  d i — 
h y d r o p y r i d i n e  s y s t e m .
The f a c t  t h a t  o n l y  d i h y d r o p y r i d i n e s  were  o b t a i n e d  
f rom  t h e  sodium b o r o h y d r i d e  r e d u c t i o n  o f  XXII i l l u s t r a t e d  
t h e  a b i l i t y  o f  t h e  p h e n y l  s u b s t i t u e n t s  a t  t h e  3“  and 5—p o s i ­
t i o n s  t o  p r e v e n t  f u r t h e r  r e d u c t i o n  o f  t h e  d i h y d r o p y r i d i n e  
s y s t e m .  T h is  was m o s t  l i k e l y  b o t h  a s t e r i c  and a n  e l e c t r o n i c  
e f f e c t .  The a b i l i t y  o f  b u l k y  s u b s t i t u e n t s  a t  b o t h  t h e  3— 
and 5—p o s i t i o n s  t o  p r e v e n t  f u r t h e r  r e d u c t i o n  o f  a d i h y d r o — 
p y r i d i n e  was f u r t h e r  i l l u s t r a t e d  by  t h e  f o l l o w i n g  e x a m p le .
The sod ium  b o r o h y d r i d e  r e d u c t i o n  o f  e t h y l  5—bromo—
n i c o t i n a t e  m e t h i o d i d e  (XXV) i n  a q u e o u s  m e t h a n o l  g a v e ,  i n  h i g h
y i e l d ,  a m i x t u r e  o f  90 p e r c e n t  e t h y l  1 - m e t h y l —5—bromo—1 , 6 —
d i h y d r o n i c o t i n a t e  ( L I I )  and 10 p e r c e n t  e t h y l  1 - m e t h y l —5—b ro m o -
1 , 4 —d i h y d r o n i c o t i n s t e  ( L I I I ) .  The r e l a t i v e  p e r c e n t a g e s  w ere
d e t e r m i n e d  by p r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y .  The
p r e s e n c e  o f  a 1 , 2 —d i h y d r o p y r i d i n e  o r  a t e t r a h y d r o p y r l d l n e  was
n o t  d e t e c t e d .  T h i s  was i n  c o n t r a s t  t o  t h e  p r o d u c t  c o m p o s i t i o n
17r e p o r t e d  by  K i n o s h i t a  f o r  t h e  sodium b o r o h y d r i d e  r e d u c t i o n
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o f  e t h y l  n i c o t i n a t e  m e t h i o d i d e .  This  m e t h i o d i d e  was r e p o r t e d  
t o  g i v e  r i s e  t o  b o t h  t h e  1 , 2 — and th e  1 , 6 —d i h y d r o n i c o t i n a t e s  
when t h e  r e d u c t i o n  was p e r f o r m e d  i n  a q u eo us  sod ium  h y d r o x i d e  
s o l u t i o n ,  w h i l e  t h e  1 , 6 —d i h y d r o n i c o t i n a t e  and t h e  1 , 2 , 5 , 6 — 
t e t r a h y d r c n i c o t i n a t e  were  o b t a i n e d  when th e  r e d u c t i o n  was r u n  
i n  a q u e o u s  m e t h a n o l .  I t  would a p p e a r  t h a t  t h e  1 , 2 —d i h y d r o — 
n i c o t i n a t e  u n d e r w e n t  f u r t h e r  r e d u c t i o n  t o  t h e  1 , 2 , 5 , 6 —t e t r a — 
h y d r o n i c o t i n a t e  i n  t h e  m e t h a n o l i c  medium w h i l e  t h e  1 , 6 —d i h y d r o — 
n i c o t i n a t e  i s o m e r  was s t a b l e  to w a rd  f u r t h e r  r e d u c t i o n  i n  t h i s  
medium. T h i s  w ould  be i n  a c c o r d  w i t h  I n g o l d ' s  R u l e , s i n c e  the  
c a r b o e t h o x y  g ro u p  a t  t h e  3—p o s i t i o n  would b l o c k  t h e  p r o t o n a — 
t i o n  o f  t h e  l a t t e r  i s o m e r  a t  t h a  c e n t r a l  p o s i t i o n  o f  i t s  d i e n — 
amine s y s te m  and c o n s e q u e n t l y  p r e v e n t  i t s  f u r t h e r  r e d u c t i o n  t o  
a t e t r a h y d r o n i c o t i n a t e . K i n o s h i t a  d i d  n o t  r e p o r t  t h e  fo rm a­
t i o n  o f  a 1 , 4 —d i h y d r o n i c o t i n a t e  i n  t h i s  w ork .
The a b s e n c e  o f  a t e t r a h y d r o p y r l d l n e  f rom  t h e  r e d u c t i o n  
o f  XXV w ou ld  t h e n  a p p e a r  t o  be c o n s i s t e n t  w i t h  t h e  a b s e n c e  of 
t h e  1 , 2 —d l h y d r o p y r l d l n e ,  s i n c e  b o t h  t h e  3 -  and th e  5—p o s i t i o n s  
a r e  s u b s t i t u t e d  i n  t h i s  c a s e .  T h is  m i g h t  s u g g e s t  t h a t  t h e  
f o r m a t i o n  o f  t h e  1,6>- and  1 , 4 —d i h y d r o p y r i d i n e s ,  L I I  and L I I I  
r e s p e c t i v e l y ,  was k i n e t i c a l l y  f a v o r e d  o r  t h a t  t h e  i n i t i a l  
h y d r i d e  a t t a c k  on XXV was r e v e r s i b l e  and L I I  and L I I I  were 
t h e  t h e r m o d y n a m i c a l l y  more s t a b l e  i s o m e r s .  An a l t e r n a t i v e  
e x p l a n a t i o n  would  be t h a t  the  1 , 2 —d i h y d r o p y r i d i n e  was formed 
i n  s i g n i f i c a n t  q u a n t i t i e s  b u t  would n o t  r e d u c e  f u r t h e r  t o  t h e  
t e t r a h y d r o p y r l d l n e  due t o  t h e  s t e r i c  h i n d r a n c e  t o  p r o t o n a t i o n  
e x e r t e d  by  5—bromo s u b s t i t u e n t .  T h is  would r e q u i r e  t h a t  the  
i n i t i a l  h y d r i d e  a t t a c k  be r e v e r s i b l e  o r  t h a t  t h e  1 , 2 —d i h y d r o -
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p y r i d i n e  be a s o u r c e  o f  h y d r i d e  i o n  f o r  t h e  r e d u c t i o n  of  
o t h e r  s p e c i e s  in  t h e  s o l u t i o n .  The e x i s t i n g  d a t a  d id  n o t  
d i s t i n g u i s h  b e tw een  t h e s e  p o s s i b i l i t i e s .
The s t r u c t u r e s  o f  L I I  and L I I I  were  o r i g i n a l l y  
a s s i g n e d  on t h e  b a s i s  o f  t h e i r  u l t r a v i o l e t  s p e c t r a .  The 
s p e c t r u m  o f  LII  e x h i b i t e d  b a n d s  a t  268 and 355 mp, w h i l e  th e  
s p e c t r u m  o f  L I I I  e x h i b i t e d  a s i n g l e  band in  t h i s  r e g i o n  a t  
360 my.  T h is  was in  good a g r e e m e n t  w i t h  t h e  u l t r a v i o l e t  s p e c ­
t r a  r e p o r t e d  by N e l so n ^ ^  and by  W a l l e n f e l s ^ ^  f o r  a l a r g e
number  o f  1 , 4 “  and 1 , 6 —d i h y d r o p y r i d i n e s  c o n t a i n i n g  c a r b o n y l
17s u b s t i t u e n t s  a t  t h e  3—p o s i t i o n .  K i n o s h i t a  r e p o r t e d  t h a t  
t h e  s p e c t r u m  o f  e t h y l  1—m e t h y l —1 , 6 —d i h y d r o n i c o t i n a t e  con­
t a i n e d  b a n d s  a t  263 and 362 mu , w h i l e  t h e  s p e c t r u m  o f  e t h y l
1 - m e t h y l —1,1;—d i h y d r o n i c o t i n a t e  e x h i b i t e d  a s i n g l e  band i n  t h i s  
r e g i o n  a t  363 m u . The s p e c t r u m  o f  t h e  1 , 2 —d i h y d r o n i c o t i n a t e  
was r e p o r t e d  t o  have  a lon g  w a v e l e n g t h  band a t  1;25 mp. The 
s p e c t r a  o f  a number  o f  o t h e r  1 , 2 —d i h y d r o p y r i d i n e s  have  b e e n  
r e p o r t e d  t o  have a l o n g  w a v e l e n g t h  band  n e a r  425  m u.^^  N e i t h e r  
t h e  s p e c t r u m  o f  L I I  n o r  t h e  s p e c t r u m  o f  L I I I  e x h i b i t e d  a b s o r p ­
t i o n  b a n d s  in  t h e  r e g i o n  from 36O t o  750 m p .  The l , l i —d i h y d r o — 
p y r i d i n e ,  L I I I ,  was a l s o  p repa re -^  from a d i t h l o n i t e  r e d u c t i o n  
of  XXV.
The p r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r a  of  L I I  and L I I I  
s u p p o r t e d  t h e  s t r u c t u r a l  a s s i g n m e n t s .  A s i n g l e t  a p p e a r e d  i n  
t h e  s p e c t r u m  o f  L I I  a t  3 «92 ppm w h ic h  had  an i n t e g r a l  c o r ­
r e s p o n d i n g  t o  two p r o t o n s .  A s i m i l a r  s i n g l e t  i n  t h e  sp e c t r u m  
o f  L I I I  a p p e a r e d  a t  3 . 1 3  ppm. T h is  s u g g e s t e d  t h a t  L I I  co n —
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t a i n e d  a m e th y le n e  g ro u p  a d j a c e n t  t o  t h e  n i t r o g e n  w h i l e  L I U  
d i d  n o t .  The sp e c t ru m  o f  L I I  had s i n g l e t s  a t  6.1+2 and 6 .9 7  
ppm 'due  t o  t h e  r e s o n a n c e  of  t h e  two n o n e q u i v a l e n t  v i n y l  p r o ­
t o n s .  The sp e c t r u m  of  L I U  e x h i b i t e d  s i m i l a r  p e a k s  a t  5*79 
and 6 . 6 5  ppm. The c o m p le te  s p e c t r a  of  L I I  and L I U  a r e  g i v e n  
i n  TABLB X I .
The i n f r a r e d  s p e c t r a  o f  t h e  1 , 6 —d i h y d r o p y r i d i n e ,  L I I ,  
and i t s  1,L|.—d ih y d  ro p y  r i d  in e  i s o m e r ,  L I U ,  were  t y p i c a l  of  d i — 
h y d r o p y r i d i n e s  b u t  d id  n o t  c l e a r l y  o x s t i n g u i s h  b e tw e e n  th e  
two s t r u c t u r e s .  Tae m a j o r  b ands  o f  e a c h  s p e c t r u m  a r e  shown 
i n  TABLE X I I .  N e l so n ^ ^  h a s  r e p o r t e d  t h a t  a number o f  l ,4 -“* 
d i h y d r o p y r i d i n e 3 w i t h  a c a r b o n y l  s u b s t i t u e n t  i n  t h e  3—p o s i t i o n  
e x h i b i t e d  a c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  w h ich  was s h i f t e d  
some 60 cm"“^ tow ard  l o w e r  f r e q u e n c y  f rom  th e  p a r e n t  q u a t e r n a r y  
s a l t .  I h i s  s h i f t  was a t t r i b u t e d  t o  a l o s s  o f  c a r b o n y l  c h a r a c ­
t e r  due t o  a s t r o n g  e l e c t r o n i c  i n t e r a c t i o n  b e tw e e n  t h e  n i t r o ­
g e n  and t h e  c a r b o n y l  s u b s t i t u e n t  t h r o u g h  th e  p o l a r i z e d  2 , 3 — 
d o u b le  b o n d .  The i n f r a r e d  s p e c t r a  o f  L I I  and L I U  e x h i b i t e d  
a s i m i l a r  e f f e c t .  Ihe  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  i n  t h e  
s p e c t r u m  o f  t h e  p a r e n t  s a l t ,  XXV, a p p e a r e d  a t  1740 cm””^ .  The 
c o r r e s p o n d i n g  s t r e t c h i n g  f r e q u e n c i e s  i n  th e  s p e c t r a  o f  L I I  
and L I U  a p p e a r e d  a t  1665 and 1685 cm""^ r e s p e c t i v e l y .  The 
s p e c t r u m  o f  L I I  a l s o  e x h i b i t e d  b a n d s  a t  1635 and 1595 cm“ ^ ,  
w h i l e  t h e  s p e c t r u m  o f  L I U  c o n t a i n e d  a band a t  I 6 l 5  cm“*^.
These  b a n d s  were  p r o b a b l y  due t o  t h e  s t r e t c h i n g  f r e q u e n c i e s  
o f  t h e  c a r b o n —c a r b o n  d o u b le  b on d s  o f  t h e  d ien a m in e  s y s t e m .
A l t h o u g h  t h e  sodium b o r o h y d r i d e  r e d u c t i o n  o f  1 , 3 , 5 —
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t r i m a t h y l —2—p h e n y l p y r i d i n l u m  i o d i d e  (XX) and 1 , 3 —d i m e t h y 1—
2—p h e n y l p y r i d i n i u m  i o d i d e  (X V II I )  n o r m a l l y  gave a m i x t u r e  o f  
p i p e r i d i n e s  and t e t r a h y d r o p y r i d i n e s ,  i t  was p o s s i b l e  t o  
p a r t i a l l y  s t o p  t h e  r e d u c t i o n  a t  t h e  d i h y d r o p y r i d i n e  s t a g e  by 
r u n n i n g  th e  r e d u c t i o n  i n  25 p e r c e n t  sodium c a r b o n a t e  s o l u t i o n .  
P r e s u m a b ly ,  t h e  d i h y d r o p y r i d i n e  d i d  n o t  u n d e rg o  f u r t h e r  r e ­
d u c t i o n  due t o  i t s  low s o l u b i l i t y  i n  t h i s  medium.
The r e d u c t i o n  o f  XX i n  a q u e o u s  sodium c a r b o n a t e  s o l u ­
t i o n  gave  1 , 3 , 5 —t r i m e t h y l —2—p h e n y l —1 , 6 —d i h y d r o p y r i d i n e  (L IV ) .  
The i n s t a b i l i t y  o f  LIV made i t s  p u r i f i c a t i o n  e x t r e m e l y  d i f f i ­
c u l t .  Gas c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  p u r e s t  sample  of  
LIV w h ich  was o b t a i n e d  i n d i c a t e d  t h a t  10 p e r c e n t  o f  an  im­
p u r i t y  was s t i l l  p r e s e n t .  On t h e  b a s i s  o f  r e t e n t i o n  t i m e ,  
t h i s  was p r o b a b l y  1 , 3 , 5 —t r i m e t h y l —2—p h e n y l —1 , 2 , 3 ,  6 - t e t r a h y d r o — 
p y r i d i n e  (XXXIV). The s t r u c t u r e  o f  LIV was a s s i g n e d  on t h e  
b a s i s  o f  i t s  p r o t o n  m a g n e t i c  r e s o n a n c e  sp e c t r u m  w h ich  showed 
a 5 t o  1 a r o m a t i c  t o  v i n y l  p r o t o n  i n t e g r a l  and a s i n g l e t  a t  
3 . 6 5  ppm w h ic h  i n t e g r a t e d  f o r  two h y d r o g e n s  and was a s s i g n e d  
t o  t h e  m e th y le n e  g r o u p  a t  t h e  6—p o s i t i o n .  Two s t r o n g  b a n d s  
a t  1680 and I 636 cm“ ^ i n  t h e  i n f r a r e d  s p e c t r u m  of  LIV a l s o  
s u g g e s t e d  a d i h y d r o p y r i d i n e  s t r u c t u r e .
The u l t r a v i o l e t  s p e c t r u m  o f  LIV e x h i b i t e d  two a b s o r p ­
t i o n  b a n d s  a t  325 and 2iji|. m|i i n  e t h e r .  A d d i t i o n  o f  d i l u t e  
h y d r o c h l o r i c  a c i d  s h i f t e d  t h e  325 mja band t o  276 m31 w i t h  a 
s l i g h t  i n c r e a s e  i n  e x t i n c t i o n .  S in c e  t h e  276 mpi band was 
c o n s i s t e n t  w i t h  a 2—p h e n y l —1 , 4 , 5 , 6 —t e  t r a h y d r o p y r i d  i n e  s t r u c ­
t u r e ^ ^ ,  i t  a p p e a r e d  t h a t  LIV had  t h e  1 , 6 - d i h y d r o p y r i d i n e  
s t r u c t u r e  .








^ X = I ,  XXII 
X = B r ,  XX III  
X = C l ,  XXIV
XX = HBr, SOgCl, CgH-COCl, C E , I P h ■Ph
CH, X
F i g .  5 .  P r e p a r a t i o n s  and R e a c t i o n s  o f  t h e  3 , 5 - D i p h e n y l -  
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F i g .  6 .  P r e p a r a t i o n s  and R e a c t i o n  o f  t h e  E t h y l  5 - B r o ^ o -  
d i h y d r o n i c o t i n a t e s .
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The r e d u c t i o n  o f  XVIII  i n  a q u eo u s  sodium c a r b o n a t e  
s o l u t i o n  sa ve  a m i x t u r e  w h ich  c o n t a i n e d  m a t e r i a l  b e l i e v e d  t o  
be  1 , 3 —d i m e t h y l —2—p h e n y l —1 , 6 —d i h y d r o p y r i d i n e ( L V ) .  T h is  com­
pound was n o t  w e l l  c h a r a c t e r i z e d  due t o  i t s  r a p i d  decom p os i ­
t i o n  d u r i n g  a t t e m p t s  t o  p u r i f y  i t .  The i n f r a r e d  s p e c t r u m  of  
t h e  c ru d e  m a t e r i a l  e x h i b i t e d  s t r o n g  a b s o r p t i o n  b a n d s  a t  1670 
and 16^.0 cm“ ^ .  The u l t r a v i o l e t  s p e c t r u m  o f  LV c o n t a i n e d  an 
a b s o r p t i o n  band a t  330 mjx i n  a l c o h o l  w h ich  s h i f t e d  t o  268 mju 
on a c i d i f i c a t i o n  of  t h e  s o l u t i o n .  I t  was assumed t h a t  LV 
a l s o  had t h e  1 , 6 —d i h y d r o p y r i d i n e  s t r u c t u r e  on t h e  b a s i s  of  
t h e  s i m i l a r i t y  o f  i t s  s p e c t r a l  p r o p e r t i e s  t o  t h o s e  o f  L IV .
R e a c t i o n s  o f  d i h y d r o p y r i d i n e s . — I t  i s  a w e l l  e s t a b —  
l i s h e d  f a c t  t h a t  d i h y d r o p y r i d i n e s  a r e  s e n s i t i v e  t o  o x i d a t l o n ^ ^ ' ^ ^
D i h y d r o p y r i d i n e s  h ave  b e en  found  t o  a c t  a s  r e d u c i n g  a g e n t s  f o r
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s u c h  compounds a s  n i t r o b e n z e n e  , h e x a c h l o r o a c e t o n e  , and
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brom oforra .  F re e  r a d i c a l  mechanisms a s  w e l l  a s  i o n i c  mecha­
n i sm s  h a v e  b e e n  p o s t u l a t e d  f o r  t h e s e  r e a c t i o n s .
I t  was o b s e r v e d  t h a t  b o t h  1 - m e t h y l —3 , 5 —d i p h e n y l —1 , 2 — 
d i h y d r o p y r i d i n e  (L) and i t s  1 , 4 —d i h y d r o p y r i d i n e  i s o m e r ,  L I ,  
c o u ld  be r e a d i l y  r e o x i d i z e d  t o  t h e  p a r e n t  p y r i d i n i u m  i o n .  Thus 
t r e a t m e n t  o f  a b e n z e n e  s o l u t i o n  of  e i t h e r  L o r  L I  w i t h  an­
h y d r o u s  h y d r o g e n  b rom ide  r e s u l t e d  i n  a v i g o r o u s  r e a c t i o n  f rom  
w h ic h  3 , 5 - d i p h e n y l p y r i d i n e  m e thobrom ide  (X X II I )  p r e c i p i t a t e d  
q u a n t i t a t i v e l y .  The i d e n t i t y  o f  t h e  p r o d u c t  was p r o v e n  by 
m e l t i n g  p o i n t ,  i n f r a r e d  and u l t r a v i o l e t  s p e c t r a  and by a m ix­
t u r e  m e l t i n g  p o i n t  w i t h  a u t h e n t i c  X X I I I .  The s p e c t r a  o f  t h e
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p r o d u c t  w are  I d e n t i c a l  t o  t h o s e  o f  a u t h e n t i c  XX III  and t h e  
m i x t u r e  m e l t i n g  p o i n t  showed no d e p r e s s i o n .
T r e a t m e n t  o f  t h e  d i h y d r o p y r i d i n e  L w i t h  t h i o n y l  
c h l o r i d e  i n  d r y  b e n z e n e  gave a q u a n t i t a t i v e  y i e l d  o f  3 , 5 — 
d i p h e n y l p y r i d i n e  m e t h o c h l o r i d e  (XXIV). The same compound, 
XXIV, was o b t a i n e d  from th e  r e a c t i o n  o f  L w i t h  b e n z o y l  c h l o ­
r i d e  i n  d r y  b e n z e n e .  The o n ly  o t h e r  p r o d u c t  w h ic h  was i s o ­
l a t e d  f rom  t h e  l a t t e r  r e a c t i o n  was b e n z o i c  a c i d .  The p y r i — 
d in iu m  i o n  p r o d u c t ,  XXIV, f rom  t h e s e  two r e a c t i o n s  was 
i d e n t i f i e d  by  i t s  m e l t i n g  p o i n t  and by  t h e  i d e n t i t y  o f  i t s  
u l t r a v i o l e t  and i n f r a r e d  s p e c t r a  w i t h  t h o s e  of  a u t h e n t i c  
XXIV p r e p a r e d  f rom  3 , 5 —d i p h e n y l p y r i d i n e  and m e t h y l  c h l o r i d e .  
M ethy l  i o d i d e  a l s o  c o n v e r t e d  d i h y d r o p y r i d i n e  L t o  3 , 5 —d i ­
p h e n y l  p y r i d i n e  m e t h i o d i d e  (XXII) w h ich  was i d e n t i c a l  i n  a l l  
ways w i t h  an a u t h e n t i c  sam ple  o f  t h i s  m e t h i o d i d e  p r e p a r e d  by 
t r e a t i n g  3 , 5 —d i p h e n y l p y r i d i n e  w i t h  m e th y l  i o d i d e .
An a t t e m p t  was made t o  o b t a i n  a D i e l s —A l d e r  a d d u c t  
f rom d i h y d r o p y r i d i n e  L and t e t r a c y a n o e t h y l e n e ; h o w ev er ,  i t  
a p p e a r e d  t h a t  t h e  d i h y d r o p y r i d i n e  L r e d u c e d  t h e  h i g h l y  e l e c ­
t r o n  d e f i c i e n t  e t h y l e n i c  d o u b le  bond o f  th e  t e t r a c y a n o e t h y — 
l e n e . The o n l y  p r o d u c t  w h ic h  c o u ld  be i s o l a t e d  f rom t h i s  
r e a c t i o n  was p y r i d i n i u m  s a l t  o f  3 , 5 - d i p h e n y l p y r i d i n e  w i t h  a 
com plex  a n i o n  c o n t a i n i n g  a cy an o  g r o u p .  The p r e s e n c e  o f  t h e  
p y r i d i n i u m  r i n g  was e v i d e n t  f ro m  th e  f a c t  t h a t  t r e a t m e n t  o f  
t h i s  compound w i t h  sodium b o r o h y d r i d e  r e g e n e r a t e d  d i h y d r o -  
p y r i d i n e  L. The i n f r a r e d  s p e c t r u m  ô f  t h e  p y r i d i n i u m  compound 
c o n t a i n e d  b a n d s  a t  2200 and 2 l 80 cm” ^ i n d i c a t i n g  t h e  p r e s e n c e
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of  t h e  c y a n o  g r o u p s  I n  t h e  a n i o n .  The e l e m e n t a l  a n a l y s i s  
i n d i c a t e d  t h a t  e l e m e n t s  o t h e r  t h a n  c a r b o n ,  h y d r o g e n ,  and 
n i t r o g e n  were  p r e s e n t .  No f u r t h e r  a t t e m p t  was made t o  idenr-  
t i f y  t h e  s t r u c t u r e  o f  t h e  a n i o n .
In  c o n t r a s t  t o  d i h y d r o p y r i d i n e s  L and L I ,  e t h y l  1— 
m e th y l—5—brom0 - 1 , 6 —d i h y d r o n i c o t i n a t e  ( L I I )  and e t h y l  1 - m e t h y l — 
5—b r o m o - 1 ,4 —d i h y d r o n i c o t I n a t e  ( L I I I )  a p p e a r e d  t o  have  s t r i k i n g l y  
d i f f e r e n t  c h e m i c a l  p r o p e r t i e s .  T r e a tm e n t  o f  L I I I  w i t h  a n h y d ro u s  
h y d r o g e n  b rom ide  i n  d r y  b e n z e n e  gave  a b l a c k  t a r ,  w h i l e  s i m i l a r  
t r e a t m e n t  o f  L I I  i n  d r y  b e n z e n e  gave  a y e l l o w  o i l  w h ic h  c r y s ­
t a l l i z e d  on s t a n d i n g .  T h is  m a t e r i a l  was s u b s e q u e n t l y  i d e n t i ­
f i e d  as  n i c o t i n i c  a c i d  m e th o b ro m id e  (XXVI). The p r o t o n  mag­
n e t i c  r e s o n a n c e ,  i n f r a r e d  and u l t r a v i o l e t  s p e c t r a  of  t h i s  
m a t e r i a l  w ere  i d e n t i c a l  w i t h  t h o s e  o f  a n  a u t h e n t i c  sam ple  of  
XXVI p r e p a r e d  by t h e  h y d r o l y s i s  o f  e t h y l  n i c o t i n e  t e  m etho— 
b r o m id e .  A m i x t u r e  m e l t i n g  p o i n t  o f  t h e  m e th o b ro m id e  o b t a i n e d  
from  th e  r e a c t i o n  of  L I I  w i t h  h y d r o g e n  b ro m id e  and t h e  m etho— 
b ro m ide  o b t a i n e d  f rom  th e  h y d r o l y s i s  r e a c t i o n  showed no de— 
p r e  3 3 i  o n .
I t  would a p p e a r  t h a t  t h e  s t r o n g  a c i d ,  h y d r o g e n  b r o ­
m id e ,  p r o t o n a t e d  t h e  en am in e  sy s te m  of  L I I  a t  th e  t e r m i n a l  
p o s i t i o n  t o  fo rm  a n  immonium c a t i o n .  S u b s e q u e n t  l o s s  o f  t h e  
e l e m e n t s  o f  h y d r o g e n  and b ro m in e  and h y d r o l y s i s  o f  t h e  e s t e r  
would  have  g i v e n  th e  o b s e r v e d  p r o d u c t .  E v id e n c e  f o r  t h e  p r o — 
t o n a t i o n  o f  L I I  a t  t h e  5 - p o s i t i o n  was o b t a i n e d  by  r u n n i n g  t h e  
r e a c t i o n  w i t h  d e u t e r i u m  b r o m i d e .  P a r t i a l l y  d e u t e r a t e d  h y d r o g e n  
b rom id e  was g e n e r a t e d  by  d r o p p i n g  d e u t e r i u m  o x id e  i n t o  ph o s ­
p h o r o u s  t r i b r o m i d e .  The p r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r u m  of
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t h e  p r o d u c t  was i d e n t i c a l  t o  t h a t  o f  p u r e  XJCVI w i t h  t h e  ex­
c e p t i o n  o f  a 50 p e r c e n t  d e c r e a s e  i n  p e a k  a r e a  o f  t h e  t r i p l e t  
a t  4*0 ppm a s s i g n e d  t o  t h e  h y d r o g e n  a t  t h e  5—p o s i t i o n  i n  XXVI, 
T h is  would s u g g e s t  t h a t  p r o t o n a t i o n  d id  o c c u r  a t  t h e  5— 
p o s i t i o n  o f  t h e  d i h y d r o p y r i d i n e  L I I .
A c r y s t a l l i n e  D i e l s —A l d e r  a d d u c t  (LVI) was o b t a i n e d  
by  t r e a t e m e n t  o f  a b e n z e n e  s o l u t i o n  o f  L I I  w i t h  N—p h e n y lm a le — 
I m id e .  The i n f r a r e d  s p e c t r u m  o f  t h e  a d d u c t  e x h i b i t e d  an  e s t e r  
c a r b o n y l  band a t  1740 cm*"^. The u l t r a v i o l e t  s p e c t r u m  of  LVI 
e x h i b i t e d  a s i n g l e  a b s o r p t i o n  band a t  212 mp ( d  —6 , 9 9 0 ) .
I h e s e  s p e c t r a l  d a t a  s u g g e s t e d  t h a t  t h e  a d d ’i c t  c o n t a i n e d  a 1,
2 , 5 , 6 —t e t r a h y d r o p y r i d i n e  s t r u c t u r e  a s  would be  e x p e c t e d .  The 
e l e m e n t a l  a n a l y s e s  were  c o r r e c t  f o r  a 1 : 1  a d d u c t  o f  L I I  and 
N—p h e n y lm a le  i m i d e .
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SUMMARY
The t y p e s  o f  p r o d u c t s  o b t a i n e d  from t h e  sodium b o r o —  
h y d r i d e  r e d u c t i o n  of  a number o f  p y r i d i n i u m  i o n s  were fo u n d  
t o  be  d e p e n d e n t  on th e  n a t u r e  and p o s i t i o n  o f  r i n g  s u b s t i ­
t u e n t s .  These r e s u l t s  were  i n t e r p r e t e d  i n  t e r m s  o f  s t e r i c  
and e l e c t r o n i c  e f f e c t s .  T ie  r e s u l t s  a r e  summarized b e lo w .
1 .  The r e d u c t i o n  o f  1—s u b s t i t u t e d  p y r i d i n i u m  i o n s  gave  r i s e  
t o  a m i x t u r e  o f  1 , 2 , 5 , 6 —t e t r a h y d r o p y r i d i n e  and t h e  c o r ­
r e s p o n d i n g  p i p e r i d i n e .  The r e l a t i v e  p e r c e n t a g e  of  
p i p e r i d i n e  was d e p e n d e n t  on th e  s t e r i c  b u l k  o f  t h e  1—sub— 
s t i t u e n t .
2 .  The 4—s u b s t i t u t e d  p y r i d i n i u m  i o n s  gave o n ly  t h e  t e t r a — 
h y d r o p y r i d i n e  p r o d u c t .
3 .  The 2—s u b s t i t u t e d  p y r i d i n i u m  i o n s  were  r e d u c e d  t o  a mix­
t u r e  o f  1 , 2 , 3 , 6 —t e t r a h y d r o p y r i d i n e  and p i p e r i d i n e .
4 .  R e d u c t i o n  o f  t h e  m e t h i o d i d e s  o f  3 , 5 - d i m e t h y I p y r i d i n a ,  3—  
m e t h y l p y r i d i n e  and 2 , 6 - d i m e t h y l p y r i d i n e  gave a m i x t u r e  of
1 , 2 , 5 , 6 —t e t r a h y d r o p y r i d i n e  and p i p e r i d i n e .  The p e r c e n t a g e  
o f  p i p e r i d i n e  i n c r e a s e d  i n  t h e  o r d e r  t h a t  t h e  compounds 
a r e  l i s t e d .
5 .  E t h y l  5 - b r o m o n i c o t i n a t e  m e t h i o d i d e  was r e d u c e d  t o  a mix­
t u r e  o f  t h e  c o r r e s p o n d i n g  1 , 6 — and 1 , 4 —d i h y d r o p y r i d i n e s .
6 . 3 , 5 —d i p h e n y l p y r i d i n e  m e t h i o d i d e  was r e d u c e d  t o  a m i x t u r e  
o f  t h e  c o r r e s p o n d i n g  1 , 2 — and 1 , 4 —d i h y d r o p y r i d i n e s .
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7 .  The r e d u c t i o n  t o  t h e  t e t r a h y d r o p y r i d i n e  o c c u r r e d  t h r o u g h  
t h e  1 , 2 —d i h y d r o p y r i d i n e ,  w h i l e  t h e  r e d u c t i o n  t o  t h e  
p i p e r i d i n e  o c c u r r e d  t h r o u g h  th e  1 , 4 —d i h y d r o p y r i d i n e .
8 .  P r o t o n a t i o n  o f  d i h y d r o p y r i d i n e s  was shown t o  be im por­
t a n t  i n  f u r t h e r  r e d u c t i o n  of t h e s e  s p e c i e s  t o  t e t r a h y d r o — 
p y r i d i n e s  and p i p e r i d i n e s .  P r o t o n a t i o n  of t h e  1 , 2 —d i — 
h y d r o p y r i d i n e  s y s te m  by  weak a c i d s  ( w a t e r ,  a l c o h o l )  
o c c u r r e d  by  k i n e t i c  c o n t r o l  a t  t h e  c e n t r a l  p o s i t i o n  o f  
t h e  d ie n a m in e  sy s te m  d u r i n g  th e  r e d u c t i o n  t o  t h e  t e t r a — 
h y d r o p y r i d i n e .
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GENERAL
M e l t i n g  p o i n t s  w ere  d e t e r m i n e d  on  a K o f l e r  h o t  s t a g e  
a p p a r a t u s  and a r e  u n c o r r e c t e d .
I n f r a r e d  s p e c t r a  w ere  d e t e r m i n e d  on  a P e r k i n - E l m e r  
Model 137B I n f r a c o r d  S p e c t r o p h o t o m e t e r  a n d  on a P e r k i n - E l m e r  
Model 21 I n f r a r e d  S p e c t r o p h o t o m e t e r  e q u i p p e d  w i t h  sod ium  
c h l o r i d e  o p t i c s .  I n f r a r e d  s p e c t r a  o f  l i q u i d  s a m p le s  were 
d e t e r m i n e d  n e a t ,  as  f i l m s .  S p e c t r a  o f  s o l i d  m a t e r i a l s  were  
d e t e r m i n e d  as  m u l l s  i n  H a l o c a r b o n  o i l  ( f ro m  4000 cm"^ t o  
1300 cm"^) and i n  N u j o l  ( f ro m  1300 cm” ^ t o  600 cm~^) u n l e s s  
o t h e r w i s e  i n d i c a t e d .
U l t r a v i o l e t  a n d  v i s i b l e  s p e c t r a  w ere  d e t e r m i n e d  on 
a  P e r k i n - E l m e r  Model 4000  S p e c t r a c o r d  R e c o r d i n g  S p e c t r o p h o t o ­
m e t e r .  S p e c t r a  were  d e t e r m i n e d  i n  s p e c t r a l  g r a d e  m e t h a n o l  
u n l e s s  o t h e r w i s e  i n d i c a t e d .
P r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r a  were  d e t e r m i n e d  
w i t h  a V a r i a n  Model A-60 p r o t o n  r e s o n a n c e  s p e c t r o m e t e r .  
S o l v e n t s  and  c o n d i t i o n s  a r e  i n d i c a t e d  w i t h  e a c h  s p e c t r u m  
r e p o r t e d .
E l e m e n t a l  a n a l y s e s  w e re  by  S c h w a r t z k o p f  M i c r o a n a l y t i -  
c a l  L a b o r a t o r i e s ,  Woodside,- New Y o rk .
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METHODS OF PREPARATION OF PYRIDINES
3 « 5 ~ D l m e t h y l - 2 - p h e n y l p y r l d i n e  ( I ) . -  P h e n y l l i t h i i m  
was p r e p a r e d  f rom  l i t h i u m  (7 g . ) and  b rom obenzene  (78 g , ) i n  
a n h y d ro u s  e t h e r  u n d e r  d r y  n i t r o g e n ,  A s o l u t i o n  o f  3 , 5 - d i ­
m e t h y l  p y r i  d i n e  (48 g . ) i n  a n h y d ro u s  e t h e r  (65 m l . ) was ad d ed  
d r o p w i s e  w i t h  s t i r r i n g  t o  t h e  e t h e r e a l  p h e n y l l i t h i u m  s o l u t i o n .  
A f t e r  t h e  a d d i t i o n  was c o m p l e t e d ,  t h e  e t h e r  was removed by 
d i s t i l l a t i o n  a nd  s i m u l t a n e o u s l y  r e p l a c e d  w i t h  d r y  t o l u e n e .
The t o l u e n e  s o l u t i o n  was s t i r r e d  u n d e r  n i t r o g e n  a t  r e f l u x  
t e m p e r a t u r e  f o r  8 h o u r s .  The c o o l e d  r e a c t i o n  m i x t u r e  was 
d i l u t e d  w i t h  w a t e r  a n d  e x t r a c t e d  w i t h  s e v e r a l  p o r t i o n s  o f  
e t h e r .  The com bined  e t h e r  e x t r a c t s  were  d r i e d  o v e r  a n h y d ro u s  
p o t a s s i u m  c a r b o n a t e ,  f i l t e r e d  and c o n c e n t r a t e d  u n d e r  r e d u c e d  
p r e s s u r e .  The c o n c e n t r a t e  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s ­
s u r e  t o  g i v e  4 2 , 3  g .  (51/0) o f  I ,  b . p .  1 2 5 - 1 2 7 ° / l . 4  mm.
A n a l .  C a l c d .  f o r  C^H^N: C, 85*25;  H, 7 . 1 0 .
P ou n d :  C, 6 5 . 0 7 ;  H, 7 . 1 6 ,
2 - P h e n y l p y r i d i n e  ( I I ) . -  The p r o c e d u r e  of Evans an d  
A l l e n ^ ^  was u s e d  t o  p r e p a r e  I I ,  b . p ,  1 0 1 - 1 0 3 ° / 0 , 3  mm. ( l i t ,  
1 3 4 “ 1 3 8 ° / 1 0  m m .) .  T r e a tm e n t  o f  I I  w i t h  a s a t u r a t e d  s o l u t i o n  
o f  p i c r i c  a c i d  i n  95/^ e t h a n o l  gav e  a p i c r a t e ,  m .p .  1 6 8 - 1 7 0 ° .
3 - M e t h v l - 2 - p h e n y l p y r i d i n e  ( I I I ) . -  T h i s  compound was 
p r e p a r e d  by  t h e  p r o c e d u r e  o f  A b ra m o v ! tc h  e t  a l .  ( 2 3 ) .  I l l ,  
b . p .  121- 1 2 7 / 0 .5  mm. ( l i t .  1 0 7 - 1 1 9 ° / 0 , 3  m m ,) ,  gave  a  p i c r a t e ,  
m .p ,  I 66- I 67 .
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i j . - M e t h y l - 2 - p h e n y l p y r l d i n e  ( I V ) , -  The p r o c e d u r e  o f  
A b r a m o v i t c h  e t  a l , ^ ^  gave  49>° of  IV, b . p ,  l l 5 - 1 1 7 ° / l . O  mm. 
( l i t ,  1 1 0 - l l 5 ° / 3  m m ,) .  T r e a t m e n t  o f  IV w i t h  a s a t u r a t e d  
s o l u t i o n  o f  p i c r i c  a c i d  i n  9 5 ^  e t h a n o l  gave  a p i c r a t e ,  m.p, 
1 8 8 - 1 8 9 . 5 ° .
4 - P h e n y l p y r i d i n e  ( V ) The p r o c e d u r e  of S ch m id le  
and  M a n s f i e l d ^ ^  was u s e d  t o  p r e p a r e  V, m .p .  7 7 - 7 8 °  ( l i t ,  
7 7 - 7 8 ° ) .
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TABLE I
ULTRAVIOLET ABSORPTION SPECTRA OF PHENYLPYRIDINES
Compound 
 No.
Maxima (m)a )'a E x t I n c t i o n
I 277 235 9700 14600
I I 276 244 10000 14600
I I I 272 234 7500 10100
IV 274 244 11220 14400
V 255 15200
S p e c t r a  d e t e r m i n e d  i n  m e t h a n o l .
TABLE I I
INFRARED ABSORPTION BANDS OF PHENYLPYRIDINES 925-675  cm.“ ^
Compound
No.
Band P o s i t i o n  i n cm. ^
l " 800s 785s 710s 745s 700s
II" 802m 755s 740s 692s
III® 795a 785 s 745s 695 s
IV® 870s 830s 7803 738s 695s
V^ 830s 730s 760s 685s
a
D e te r m in e d a s  l i q u i d  f i l m .
b
D e te rm in e d  a s N u j o l  m u l l .
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E t h y I - 5 " b r o m o n l c o t l n a t e  ( V I ) . -  T h is  compound was
2 6p r e p a r e d  by a m ethod  s i m i l a r  t o  t h a t  o f  Bachman and  M i c u c c i .  
N i c o t i n i c  a c i d  was c o n v e r t e d  t o  i t s  a c i d  c h l o r i d e  h y d r o c h l o ­
r i d e  on t r e a t m e n t  w i t h  e x c e s s  t h i o n y l  c h l o r i d e  u n d e r  r e f l u x *  
A f t e r  d i s t i l l a t i o n  o f  t h e  e x c e s s  t h i o n y l  c h l o r i d e  u n d e r  r e ­
d u c ed  p r e s s u r e ,  t h e  a c i d  c h l o r i d e  h y d r o c h l o r i d e  was m ixed  
w i t h  an  e q u i m o l a r  p o r t i o n  o f  l i q u i d  b ro m in e  a n d  p l a c e d  i n  an  
a i r  b a t h  a t  1 5 0 - 1 ? 0 °  f o r  12 h o u r s .  P r e c i p i t a t i o n  o f  5 -b ro m o -  
n i c o t i n i c  a c i d  ( V I I ) ,  m .p .  1 7 9 -1 8 1 °  ( l i t ,  183 ) ,  o c c u r r e d  
upon  d i l u t i o n  o f  t h e  c o o l e d  r e a c t i o n  m i x t u r e  w i t h  w a t e r  and 
a d j u s t m e n t  o f  t h e  pH t o  3 * 0 ,  The i n f r a r e d  s p e c t r u m  showed 
b a n d s  a t  I 68O, 7 70 ,  715 and  69O cm ,"^  ( N u jo l  m u l l ) .  The a c i d ,
V I I ,  was r e c r y s t a l l i z e d  f rom  95^ e t h a n o l  an d  c o n v e r t e d  t o  t h e
a c i d  c h l o r i d e  b y  t r e a t m e n t  w i t h  t h i o n y l  c h l o r i d e .  T r e a t m e n t  
o f  t h e  a c i d  c h l o r i d e  o f  V II  w i t h  e x c e s s  a b s o l u t e  e t h a n o l  u n d e r  
r e f l u x  gave  ÔOyo o f  VI,  m . p ,  40-4-1° ( H t .  3 8 - 3 9 ° ) ,  a f t e r  r e -  
c r y s t a l l i z a t i o n  f rom  n - h e x a n e .  The i n f r a r e d  s p e c t r u m  showed 
b a n d s  a t  1 7 4 0 ,  7 6 5 ,  745 and 688 c m ,"^  ( N u jo l  m u l l ) .  I n
m e t h a n o l  VI had u l t r a v i o l e t  a b s o r p t i o n  b a n d s  a t  277 mju
(£■ =3470 ) and 285 m;j ( £  = 2 4 60 ) .
P r e p a r a t i o n  o f  p y r i d i n i u m  s a l t s  (See  TABLE I I I ) . -
( a )  A s o l u t i o n  o f  e q u i m o l a r  q u a n t i t i e s  o f  t h e  p y r i d i n e  and 
t h e  a l k y l  h a l i d e  i n  a c e t o n e  was h e a t e d  u n d e r  r e f l u x  u n t i l  
p r e c i p i t a t i o n  o f  t h e  s a l t  a s  a n  o i l  o r  c r y s t a l l i n e  s o l i d  
a p p e a r e d  t o  b e  c o m p l e t e .  I f  t h e  s a l t  s e p a r a t e d  a s  a n  o i l ,  
c r y s t a l l i z a t i o n  was e f f e c t e d  by re m o v a l  o f  t h e  s o l v e n t  u n d e r  
r e d u c e d  p r e s s u r e  and  r e p l a c e m e n t  o f  i t  w i t h  d r y  e t h e r .  The
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s a l t  was r e c r y s t a l l i z a d  f rom  I s o p r o p a n o l  o r  m e t h a n o l  t o  g i v e  
80—95^  of  p u r e  m a t e r i a l .
(b )  E q u im o l a r  q u a n t i t i e s  o f  t h e  p y r i d i n e  and t h e  
h a l i d e  were  mixed i n  a s e a l e d  c o n t a i n e r  w i t h  no s o l v e n t  and 
a l l o w e d  t o  s t a n d  i n  t h e  d a r k  u n t i l  p r e c i p i t a t i o n  of  t h e  s a l t  
o c c u r r e d .  The s a l t  was washed w i t h  d r y  e t h e r  and r e c r y s t a l — 
l i z e d  f rom  i s o p r o p a n o l .
( c )  Methobi*omides and c h l o r i d e s  were  p r e p a r e d  by 
t r e a t i n g  a s o l u t i o n  of  th e  p y r i d i n e  i n  i s o p r o p a n o l  w i t h  a 
s l i g h t  e x c e s s  o f  m e t h y l  b rom ide  o r  m e t h y l c h l o r i d e . The amount 
o f  a l k y l  h a l i d e  added  was d e t e r m i n e d  by  b u b b l i n g  t h e  g a s  
t h r o u g h  t h e  i s o p r o p a n o l  s o l u t i o n  on a p an  b a l a n c e .
Method f o r  f o l l o w i n g  t h e  sodium b o r o h y d r i d e  r e d u c ­
t i o n  o f  p y r i d i n i u m  i o n s  by u l t r a v i o l e t  s p e c t r o s c o p y  (See  
TABLE I V ) . — The r e d u c t i o n  o f  s e v e r a l  p y r i d i n i u m  i o n s  w i t h  
sod ium  b o r o h y d r i d e  was s t u d i e d  a s  a f u n c t i o n  o f  t im e  b y  r u n —  
n i n g  t h e  r e a c t i o n  d i r e c t l y  i n  t h e  a b s o r p t i o n  c a l l  o f  t h e  
u l t r a v i o l e t  s p e c t r o p h o t o m e t e r .  The s p e c t r u m  of  e a c h  p y r i — 
d i n iu m  i o n  was r e c o r d e d  b e f o r e  and a f t e r  one d r o p  o f  a 
s a t u r a t e d  s o l u t i o n  o f  sod ium  b o r o h y d r i d e  i n  i s o p r o p a n o l  had 
b e e n  added  t o  t h e  p y r i d i n i u m  s a l t  s o l u t i o n  i n  t h e  a b s o r p t i o n  
c e l l .  The s p e c t r u m  was r e p e a t e d l y  s c a n n e d  a s  r a p i d l y  a s  
p o s s i b l e  u n t i l  a d d i t i o n  o f  e x c e s s  b o r o h y d r i d e  p r o d u c e d  no 
f u r t h e r  c h a n g e s  i n  t h e  o b s e r v e d  s p e c t r u m .  A l l  s o l u t i o n s  w ere  
10 m o l a r  i n  p y r i d i n i u m  s a l t .  S o l v e n t s  employed w e re  m e tha ­
n o l ,  N, N-dime t h y l f o r m a m i d e  and d i g l y m e .
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T h is  method  p e r m i t t e d  the  o b s e r v a t i o n  o f  t h e  s p e c t r a  
o f  d i h y d r o p y r i d i n e s  w h ic h  were  t o o  r e a c t i v e  t o  be i s o l a t e d ,  
a s  w e l l  a s  t h e  s p e c t r a  o f  d i h y d r o — and t e t r a h y d r o p y r i d i n e s  
w h ic h  w ere  l a t e r  i s o l a t e d .  The maximum a s s i g n e d  t o  t h e  d i — 
h y d r o p y r i d i n e  was n o t  s t a b l e  i n  m e t h a n o l ,  b u t  r em a in e d  i n  N, 
N - d im e th y l f o r m a m id e  u n t i l  a d r o p  o f  d i l u t e  h y d r o c h l o r i c  a c i d  
was added  t o  t h e  c e l l .
P r e p a r a t i o n  of  t e t r a h y d r o p y r i d i n e s  by  r e d u c t i o n  o f  
p y r i d i n i u m  s a l t s  w i t h  sod ium  b o r o h y d r i d e . — Three  m ethods  
w ere  u s e d  f o r  t h e  p r e p a r a t i o n  of  t e t r a h y d r o p y r i d i n e s  on a 
s y n t h e t i c  s c a l e .  The m e th o d s  d i f f e r  p r i m a r i l y  i n  t h e  s o l v e n t  
em ployed  and t h e  m o l a r  r a t i o  of  sodium b o r o h y d r i d e  t o  p y r i d i — 
nium s a l t  u s e d .  Method C r e s u l t s  i n  t h e  i n t e r m e d i a t e  i s o l a ­
t i o n  o f  t h e  p r o d u c t  a s  an  amine b o r a n e .  T a b u l a t e d  d a t a  f o r  
s p e c i f i c  ccmpounds a r e  g i v e n  i n  TABLE V. C e r t a i n  p y r i d i n i u m  
s a l t s  g a v e  a m i x t u r e  o f  t e t r a h y d r o p y r i d i n e s  and p i p e r i d i n e s ,  
a s  i n d i c a t e d  i n  TABLE V. Where more t h a n  one method o f  p r e ­
p a r a t i o n  was employed f o r  t h e  same t e t r a h y d r o p y r i d i n e ,  t h e  
y i e l d  and p r o d u c t  c o m p o s i t i o n  were  n e a r l y  i d e n t i c a l  i n  e a c h  
c a s e  u n l e s s  o t h e r w i s e  i n d i c a t e d .
Method A. To a s o l u t i o n  of 0 . 1 2  mole  o f  p y r i d i n i u m  
s a l t  i n  100 m l .  o f  a n h y d r o u s  m e t h a n o l  was a d d e d ,  p o r t i o n w i s e  
w i t h  s t i r r i n g  a t  i c e  b a t h  t e m p e r a t u r e ,  9 . 1  g .  ( 0 .2 4  m ole )  
o f  so d ium  b o r o h y d r i d e .  A f t e r  t h e  a d d i t i o n  was c o m p l e t e d ,  t h e  
r e a c t i o n  was a l l o w e d  t o  s t i r  a t  room t e m p e r a t u r e  f o r  0 . 5  h r .  
and t h e n  c a r e f u l l y  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .
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The m e t h a n o l  was removed u n d e r  r e d u c e d  p r e s s u r e  and t h e  r e s i ­
due was n e u t r a l i z e d  w i t h  a s a t u r a t e d  a q u e o u s  s o l u t i o n  o f  po­
t a s s i u m  c a r b o n a t e .  The p r o d u c t  was removed from t h e  s o l u t i o n  
b y  e x t r a c t i o n  w i t h  e t h e r  and p u r i f i e d  by  d i s t i l l a t i o n .
Method 3 . To a s o l u t i o n  o f  0 . 1 2  mole  o f  p y r i d i n i u m  
s a l t  and 15 g • o f  p o t a s s i u m  c a r b o n a t e  i n  90 ml.  o f  w a t e r  and 
10  m l .  o f  m e t h a n o l  was a d d e d ,  p o r t i o n w i s e  w i t h  s t i r r i n g  a t  
i c e  b a t h  t e m p e r a t u r e ,  5*7 g .  ( 0 . l 5  m o le )  o f  sodium b o r o h y d r i d e .  
The p r o d u c t  s e p a r a t e d  a s  an  o i l y  l a y e r  and was t a k e n  up in  
e t h e r .  The e t h e r  e x t r a c t  was f i l t e r e d ,  d r i e d  o v e r  a n h y d ro u s  
p o t a s s i u m  c a r b o n a t e ,  and c o n c e n t r a t e d  by  d i s t i l l a t i o n  u n d e r  
r e d u c e d  p r e s s u r e .  The p r o d u c t  was p u r i f i e d  by  d i s t i l l a t i o n
Method C. Sodium b o r o h y d r i d e  (O.Oo mole)  was added  
p o r t i o n w i s e  w i t h  s t i r r i n g  t o  a s o l u t i o n  o f  p y r i d i n i u m  s a l t  
( 0 . 0 6  m ole )  in  i|0 m l .  o f  N,N—d i m e t h y l f o r m a m i d e . W a t e r , (10 
m l . )  and a se co n d  p o r t i o n  o f  sod ium  b o r o h y d r i d e  ( 0 .06  m o le )  
w e re  t h e n  a d d e d .  A f t e r  s t i r r i n g  a t  room t e m p e r a t u r e  f o r  0 . 5  
h r . , t h e  r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  w a t e r  (250 m l . )  
t o  p r e c i p i t a t e  t h e  p r o d u c t  a s  t h e  amine b o r a n e .  The amine 
b o r a n e  was s e p a r a t e d  by  f i l t r a t i o n  and c o n v e r t e d  t o  t h e  t e t r a — 
h y d r o p y r i d i n e  h y d r o c h l o r i d e  on t r e a t m e n t  w i t h  h y d r o g e n  c h l o ­
r i d e  i n  a c e t o n e .  The b a s e  was t h e n  o b t a i n e d  by n e u t r a l i z a t i o n  
o f  an a q u e o u s  s o l u t i o n  o f  th e  h y d r o c h l o r i d e  w i t h  p o t a s s i u m  
c a r b o n a t e  and e x t r a c t i o n  o f  t h e  s o l u t i o n  w i t h  e t h e r .  A f t e r  
r em o v a l  o f  t h e  e t h e r  u n d e r  r e d u c e d  p r e s s u r e ,  t h e  b a s e  was 
p u r i f i e d  by  e i t h e r  r e c r y s t a l l i z a t i o n  o r  d i s t i l l a t i o n .
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P r e p a r a t i o n  o f  l - m e t h y l —4—p h e n y l —5—d a u t e r o —1 . 2 . 5 . 6 —
t e t r a h y d r o p y r l d l n e  (XXXIX). — A s o l u t i o n  o f  l 5  g .  ( 0 .0 5  m ole )
0
o f  1 - m e t h y l —4—p h e n y l p y r i d i n i u m  i o d i d e ,  m .p .  165—16? , i n  50 
m l .  o f  f r e s h l y  d i s t i l l e d  a n h y d r o u s  N,N—d im e th y l fo rm a m id e  was 
t r e a t e d  w i t h  1 . 9  g .  ( 0 .0 5  m o le )  o f  sodium b o r o h y d r i d e ,  added 
p o r t i o n w i s e  w i t h  s t i r r i n g  a t  i c e  b a t h  t e m p e r a t u r e .  A y e l l o w  
c o l o r a t i o n  a p p e a r e d  and d i s a p p e a r e d  upon a d d i t i o n  o f  5 m l .  o f
9 9 .5  mole p e r c e n t  d e u t e r i u m  o x id e  and 2 . 0  g .  o f  sodium b o r o — 
h y d r i d e .  The r e a c t i o n  m i x t u r e  was p o u red  i n t o  250 m l .  o f  
w a t e r  t o  p r e c i p i t a t e  t h e  t e t r a h y d r o p y r l d l n e  b o r a n e ,  m .p .  119— 
1 2 1 ° .  The b o r a n e  was d i s s o l v e d  i n  a c e t o n e  and decomposed 
w i t h  a n h y d ro u s  h y d ro g e n  c h l o r i d e  t o  t h e  h y d r o c h l o r i d e ,  m .p .  
248—250° ,  of  XXXIX. The b a s e  was o b t a i n e d  by  n e u t r a l i z a t i o n  
of  an a q u eo u s  s o l u t i o n  o f  t h e  h y d r o c h l o r i d e  w i t h  e x c e s s  po­
t a s s i u m  c a r b o n a t e  and e x t r a c t i o n  o f  t h e  amine i n t o  e t h e r .  
F i l t r a t i o n  o f  t h e  e t h e r  e x t r a c t ,  a f t e r  d r y i n g  o v e r  a n h y d ro u s  
p o t a s s i u m  c a r b o n a t e ,  and r e m o v a l  o f  t h e  e t h e r  u n d e r  r e d u c e d  
p r e s s u r e  gave 7 . 4  g .  (8 5 ^ )  o f  XXXIX, m .p .  38—3 9 ° ;  m o l e c u l a r  
w e i g h t  174 (mass s p e c t r u m ) ;  A 245 (9860)  ( e t h a n o l ) ;  n . m . r .
4—p h e n y l  ( m u l t i p l e t )  ^  2 . 3 ,  3—h y d r o g e n  ( t r i p l e t ) Y  3 . 9 7 ,  2— 
m e th y le n e  ( d o u b l e t ) 6 . 9 5 ,  1 - m e t h y l  ( s i n g l e t )  7 . 6 6 .  The 
i n f r a r e d  s p e c t r u m  o f  XXXIX e x h i b i t e d  b a n d s  a t  2 1 4 0 ,1 2 7 5 ,7 6 5  
and 735 cm” ^ i n  a d d i t i o n  t o  a l l  of th e  b a n d s  p r e s e n t  i n  t h e  
u n d e u t e r a t e d  b a s e .
C o n t r o l  e x p e r i m e n t  w i t h  1 - m e t h y l —4 —bheny 1—1 . 2 . 5 . 6— 
t e  t r a h y d r o p y r  id  in e  bo ra n e  (LVIB..— A s o l u t i o n  o f  XLI ( 5 . 0  g . )  
and N - m e t h y lp y r id in iu m  i o d i d e  ( 2  g . )  in  d ry  N,N—d i m e t h y l —
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fo rm am ide  (20 m l . )  and 99*5 mole p e r c e n t  d e u t e r i u m  o x id e  
(5 m l . )  was t r e a t e d  w i t h  sodium b o r o h y d r i d e  (2 g . ) .  The 
s o l u t i o n  was s t i r r e d  u n d e r  n i t r o g e n  f o r  2 h o u r s  a t  room 
t e m p e r a t u r e .  The b a s e  ( 3 . 5  g . )  was t h e n  i s o l a t e d  i n  t h e  
u s u a l  m a n n e r .  I t s  i n f r a r e d  s p e c t r u m  was i d e n t i c a l  t o  t h a t  
o f  u n d e u t e r a t e d  1 - m e t h y l —4—p h e n y l —1 , 2 , 5 , 6 —t e t r a h y d r o p y r i d i n e ,  
XXXVIII.
R e a c t i o n  o f L V I I  w i t h  d e u t e r o b r o m i c  a c i d . — A s o l u ­
t i o n  o f  XLI ( 1 . 5  g . )  i n  9 9 .5  mole p e r c e n t  d e u t e r i u m  o x id e  
(10 m l . )  was t r e a t e d  w i t h  d e u t e r i u m  b ro m id e  g e n e r a t e d  by 
d r o p p i n g  d e u t e r i u m  o x id e  i n t o  p h o s p h o r o u s  t r i b r o m i d e .  The 
s o l u t i o n  was h e a t e d  u n d e r  n i t r o g e n  on a s t e a m  cone f o r  2 h r .  
The b a s e  was r e c o v e r e d  i n  t h e  u s u a l  m a n n e r .  The i n f r a r e d  
s p e c t r u m  (10^ CS2 s o l u t i o n )  of  th e  r e c o v e r e d  b a s e  e x h i b i t e d  
a l l  o f  th e  b a n d s  p r e s e n t  i n  XXXVIII, p l u s  a d d i t i o n a l  b a n d s  
a t  2250 , 2190 , 2145 , 2120 , 1275 , 765,735  and 66O cra“ ^ .
C a t a l y t i c  h y d r o g e n a t i o n  o f  t e t r a h y d r o p y r i d i n e s . -  A 
s o l u t i o n  of  t h e  t e t r a h y d r o p y r i d i n e  (10 g . )  i n  e t h y l  a c e t a t e  
(30 m l . )  c o n t a i n i n g  one d r o p  o f  p e r c h l o r i c  a c i d  was added  
t h r o u g h  a d r o p p i n g  f u n n e l  t o  a m i x t u r e  o f  p l a t i n u m  o x id e  
( 0 . 1 2  g . )  and e t h y l  a c e t a t e  (10 m l . )  u n d e r  h y d r o g e n .  The 
m i x t u r e  was s t i r r e d  u n d e r  h y d r o g e n  a t  a t m o s p h e r i c  p r e s s u r e  
and room t e m p e r a t u r e  f o r  4—5 h o u r s .  The r e a c t i o n  m i x t u r e  
was f i l t e r e d  and t h e  s o l v e n t  was removed u n d e r  r e d u c e d  
p r e s s u r e . The p i p e r i d i n e  p r o d u c t ( 3 ) was o b t a i n e d  i n  a p p ro x ­
i m a t e l y  90 p e r c e n t  y i e l d  by  d i s t i l l a t i o n .  P r o p e r t i e s  o f
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p i p e r i d i n e s  a r e  shown i n  TABLE V I I I .
Sodium b o r o h y d r i d e  r e d u c t i o n  o f  3 . 5 —d i p h e n y l p y r i d i n e  
m e t h i o d i d e  ( X X I I ) . — T r e a tm e n t  o f  a s o l u t i o n  of  XXII ( 1 4 . 5  g .  ) 
i n  N,N—d i m e t h y l f o r m a m i d e  (100 m l . )  w i t h  sod ium  b o r o h y d r i d e
3 .5  g . ) a d d e d  p o r t i o n w i s e  w i t h  s t i r r i n g  and c o o l i n g  p r e c i p i ­
t a t e d  9 . 1  3 . (93^)  of  a m i x t u r e  o f  75 ^  1—m e t h y l —3 , 5 —d i p h e n y 1— 
1 , 2 —d i h y d r o p y r i d i n e ,  L, m .p .  85—9 0 ° ,  and 25^  1 - r a e t h y l —3 , 5 — 
d i p h e n y l —1 , 4 —d i h y d r o p y r i d i n e ,  L I ,  m .p .  88—9 4 ° .  Cpmpound L 
was p u r i f i e d  b y  r e c r y s t a l l i z a t i o n  f ro m  a n  i s o p r o p a n o l —w a t e r  
m i x t u r e . The i n f r a r e d  s p e c t r u m  o f  L had  s t r o n g  b a n d s  a t  
1635 , 1595,945  and 878 cm-1.
A n a l . C a l c d .  f o r  C]^QH-j_yN: C, 8 7 . 4 5 ;  H, 6 . 9 0 .
P o u n d :  C, 8 7 . 5 1 ;  H, 7 . 1 1 .
P r e p a r a t i o n  o f  l H n e t h y l —3. 5—d i p h e n y l —1 . 4 —d i h y d r o — 
p y r i d i n e  ( L I ) . — Sodium d i t h i o n i t e  ( 1 3 . 5  g . ) was added p o r — 
t i o n w i s e  w i t h  s t i r r i n g  t o  a s o l u t i o n  o f  3 , 5 —d i p h e n y I p y r i d i n e  
m e t h i o d i d e  ( 5 . 0  g . )  i n  w a t e r  (170 m l . )  and m e t h a n o l  (40 m l . ) .  
The r e a c t i o n  was s t i r r e d  f o r  3 h o u r s  a t  35—4 0 ° .  A y e l l o w  
s o l i d  p r e c i p i t a t e d  f ro m  th e  s o l u t i o n  and was s e p a r a t e d  by 
f i l t r a t i o n .  R e c r y s t a l l i z a t i o n  o f  t h i s  s o l i d  m a t e r i a l  f rom  
i s o p r o p a n o l  gave  3 . 1  g .  (9 4 ^ )  o f  L I ,  m . p .  68—94 . The i n ­
f r a r e d  s p e c t r u m  o f  L I  had b a n d s  a t  I 68O , I 63O , I 6IO and 865 
c m - 1 .
A n a l .  C a l c d .  f o r  C, 8 7 . 4 5 ;  H, 6 .9 0
F o u n d :  C, 8 7 . 3 0 ;  H, 6 . 7 9 .
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P r e p a r a t i o n  o f  e t h y l  1 - m e t h y l —6—broino—1 . 6- d l h y d r o — 
n l c o t l n a t e  ( L I I ) . — A s o l u t i o n  o f  e t h y l  5—b r o m o n i c o t i n a t e  
m e t h i o d i d e  (19 g . )  and p o t a s s i u m  c a r b o n a t e  (10 g .  ) i n  w a t e r  
(150 m l . )  was t r e a t e d  w i t h  sodium b o r o h y d r i d e  ( 3 .8  g . )  added 
p o r t i o n w i s e  w i t h  s t i r r i n g  a t  i c e  b a t h  t e m p e r a t u r e .  A l i g h t  
o ra n g e  s o l i d  p r e c i p i t a t e d  f ro m  t h e  s o l u t i o n  and was s e p a r a t e d  
by  f i l t r a t i o n .  R e c r y s t a l l i z a t i o n  o f  t h i s  c r u d e  m a t e r i a l  f rom  
i s o p r o p a n o l  gave 1 0 . 8  g . ( 88^ )  o f  L I I ,  m .p .  58—6 1 ° .  The i n ­
f r a r e d  s p e c t r u m  of  L I I  c o n t a i n e d  s t r o n g  ban d s  a t  1665 and 1635
— 1cm .
A n a l .  C a l c d .  f o r  CçHj^2NÛ2 Br:  C, 4 3 . 9 2 ;  H, 4 . 8 5 .
Pound: C, 4 3 . 5 5 ;  H, 5 . 0 5 .
P r e p a r a t i o n  o f  E t h y l  1—m e t h y l - 5—bromo—1 . 4 —d i h y d r o — 
n i c o t i n a t e  ( L I I I ) . — A s o l u t i o n  o f  e t h y l  5—b r o m o n i c o t i n a t e  
m e t h i o d i d e  (19  g . )  and sod ium  b i c a r b o n a t e  (20 g . )  i n  w a t e r  
(300 m l . )  was t r e a t e d  w i t h  86 . 7^  sod ium  d i t h i o n i t e  ( 2 6  g . )  
added p o r t i o n w i s e  w i t h  s t i r r i n g . An o ra n g e  s o l i d  p r e c i p i ­
t a t e d  and was s e p a r a t e d  by  f i l t r a t i o n .  R e c r y s t a l l i z a t i o n  of 
th e  c r u d e  s o l i d  from S0% a q u e o u s  i s o p r o p a n o l  gave  1 0 .5  g .
(85^ )  o f  L I I I ,  m .p .  59—6 1 ° .  The i n f r a r e d  s p e c t r u m  o f  L I I I  
e x i b i t e d  s t r o n g  b a n d s  a t  1685 and I 6 l 5 cm""^.
A n a l .  C a l c d .  f o r  C9H12NO B r :  C, 4 3 . 9 2 ;  H, 4 . 88 ;
N, 5 . 7 0 . Pound: C, 4 4 . H ;  H, 5 . H ;  N, 5 . 8 9 .
P r e p a r a t i o n  o f  1 .  3—D im e t h y l —2—p h e n y l —1 . 6 - d i h y d r o — 
p y r i d i n e  (L V ) .— To a s o l u t i o n  of  1 5 . 5  g .  ( 0 . 0 5  m o le )  o f
3 - m e t h y l —2—p h e n y l p y r i d i n e  m e t h i o d i d e  and 20 g .  o f  p o t a s s i u m
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c a r b o n a t e  I n  w a t e r  (65 m l . )  and m e t h a n o l  (20 m l . ) was added  
p o r t i o n w i s e  w i t h  s t i r r i n g  a t  i c e  b a t h  t e m p e r a t u r e  2 . 7  g .
( 0 .0 7  m o l e ) o f  sodium b o r o h y d r i d e .  A y e l l o w  o i l  s e p a r a t e d  
and was e x t r a c t e d  i n t o  e t h e r .  The e t h e r  e x t r a c t  was d ry e d  
o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e ,  f i l t e r e d ,  and c o n c e n ­
t r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  D i s t i l l a t i o n  o f  t h e  y e l l o w  
r e s i d u e  u n d e r  vacuum gave  7 . 8  g . (84^)  o f  impure  LV, b . p .  
87—91° a t  1 . 2  mm. The i n f r a r e d  s p e c t r u m  o f  LV had  b a n d s  a t  
l68o and I638 cm” ^ ( l i q u i d  f i l m ) .  The u l t r a v i o l e t  s p e c t r u m  
of LV had  a band a t  330 mp ( £. = 3860 ) ( e t h e r ) .  The com­
pound was n o t  s u f f i c i e n t l y  p u re  f o r  a c a r b o n  and h y d r o g e n  
ana l y s i s .
P r e p a r a t i o n  o f  1 . 3 . 5 —T r i m e t h y l —2—p h e n y l —1 . 6 —d i h v d r o — 
p y r i d i n e  ( L I V ) . — A s o l u t i o n  o f  8 , 5  g .  ( 0 . 0 2 6  m o le )  of  3 , 5 — 
d i m e t h y l —2—p h e n y l p y r i d i n e  m e t h i o d i d e  and 10 g .  o f  sodium c a r ­
b o n a t e  i n  w a t e r  (50 mL) was t r e a t e d  w i t h  sodium b o r o h y d r i d e  
( 2 . 2  g . )  added p o r t i o n w i s e  w i t h  s t i r r i n g  a t  i c e  b a t h  t e m p e ra ­
t u r e .  A y e l l o w  o i l  s e p a r a t e d  f rom  t h e  w a t e r  l a y e r  and was 
e x t r a c t e d  i n t o  e t h e r .  C o n c e n t r a t i o n  of  t h e  e t h e r  e x t r a c t  and 
d i s t i l l a t i o n  o f  t h e  r e s i d u e  u n d e r  r e d u c e d  p r e s s u r e  gave  4*0 g .  
{71%) of  LIV, b . p .  103—106° a t  1 . 0  mm. The i n f r a r e d  s p e c t r u m  
o f  LIV had  b a n d s  a t  1685 and I 638 cm""^ ( l i q u i d  f i l m ) .  The 
u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  o f  LIV i n  e t h e r  had maxima a t  
325 mpi ( £  = 3210 ) and 244 mp ( t  = 8OOO ) .
A n a l . C a l c d .  f o r  C, 84*42 ;  H, 8 . 5 4 .
P o u n d :  C, 83 . 6 7 ; H, 8 .95*
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R e a c t i o n  o f  1 - m a t h y l —3 .5 —d l p h a n v l —1 . 2 —d l h y d r o p y r l — 
d i n e  (L) w i t h  h y d r o g e n  b r o m i d e . — A s o l u t i o n  o f  L ( 1 . 0  g . )  
i n  f r e s h l y  d i s t i l l e d  t e t r a h y d r o f u r a n  (15 m l . )  was t r e a t e d  
w i t h  e x c e s s  a n h y d r o u s  h y d r o g e n  b r o m id e .  A w h i t e  s o l i d  p r e c i ­
p i t a t e d  i m m e d i a t e l y .  R e c r y s t a l l i z a t i o n  o f  t h i s  s o l i d  f ro m  
i s o p r o p a n o l  g a v e  a q u a n t i t a t i v e  y i e l d  of  3 , 5 —d i p h e n y l p y r i d i n e  
m e th o b r o m id e ,  X X I I I ,  m .p .  248—2 5 0 ° .  The i n f r a r e d  and u l t r a ­
v i o l e t  a b s o r p t i o n  s p e c t r a  of  t h i s  m a t e r i a l  w ere  i d e n t i c a l  
w i t h  t h e  s p e c t r a  o f  a n  a u t h e n t i c  sam ple  o f  X X III  p r e p a r e d  by 
t r e a t i n g  3 , 5 —d i p h e n y I p y r i d i n e  w i t h  m e t h y l  b r o m id e .  T h i s  
m a t e r i a l  d id  n o t  d e p r e s s  t h e  m e l t i n g  p o i n t  o f  a u t h e n t i c  
X X II I  on a d m i x t u r e .
A n a l . C a l c d .  f o r  G^gH^^NBr: Br ,  2 4 .5 4*
P o un d :  B r ,  2 4 * 30 .
R e a c t i o n  o f  L w i t h  m e t h y l  i o d i d e . — Me t h y l  i o d i d e  
(10 g . )  was added  t o  a s o l u t i o n  of  L ( 2 . 5  g . )  i n  f r e s h l y  
d i s t i l l e d  t e t r a h y d r o f u r a n  (25 m l . ) .  On s t a n d i n g  f o r  two 
d a y s  a t  room t e m p e r a t u r e , 2 . 9  g . (8 o ^ )  o f  3 , 5 - d i p h e n y l p y r i — 
d i n e  m e t h i o d i d e ,  XXII ,  m .p .  201—2 0 2 ° ,  p r e c i p i t a t e d .  The 
m e t h i o d i d e  was s e p a r a t e d  by  f i l t r a t i o n  and r e c r y s t a l l i z e d  
f rom  m e t h a n o l .  Compound XXII, o b t a i n e d  i n  t h i s  m an n e r ,  had 
u l t r a v i o l e t  and i n f r a r e d  a b s o r p t i o n  s p e c t r a  w h ic h  w ere  i d e n ­
t i c a l  w i t h  t h e  s p e c t r a  o f  XXII p r e p a r e d  f ro m  3 , 5 —d i p h e n y l — 
p y r i d i n e  and m e t h y l  i o d i d e .  The m e t h i o d i d e  o b t a i n e d  i n  t h i s  
r e a c t i o n  showed no  m e l t i n g  p o i n t  d e p r e s s i o n  on a d m i x t u r e  w i t h  
a u t h e n t i c  X X II .
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A n a l . C a l c d .  f o r  I ,  3 4 * 0 5 .  P o u n d :
I ,  33*73*
R e a c t i o n  of  L w i t h  t h i o n y l  c h l o r i d e . — A s o l u t i o n  of  
r e d i s t i l l e d  t h i o n y l  c h l o r i d e  ( 0 . 4 8  g . )  i n  f r e s h l y  d i s t i l l e d  
t e t r a h y d r o f u r a n  (5 m l . )  was ad d ed  d r o p w i s e  w i t h  s t i r r i n g  t o  
a s o l u t i o n  o f  L ( 1 . 0  g . )  i n  t e t r a h y d r o f u r a n  (15 m l . ) .  A 
v i g o r o u s  r e a c t i o n  e n su e d  w i t h  t h e  im m e d ia te  p r e c i p i t a t i o n  of  
a q u a n t i t a t i v e  y i e l d  o f  1 - m e t h y l —3 , 5 —d i p h e n y l p y r i d i n i u m  
c h l o r i d e ,  XXIV, m .p .  225—2 2 7 ° .  Compound XXIV, o b t a i n e d  i n  
t h i s  m an n e r ,  d i d  n o t  d e p r e s s  th e  m e l t i n g  p o i n t  o f  XXIV p r e ­
p a r e d  f rom  3 , 5 —d i p h e n y l p y r i d i n e  and m e t h y l  c h l o r i d e .  B o th  
s a m p le s  o f  XXIV had i d e n t i c a l  u l t r a v i o l e t  and  i n f r a r e d  
s p e c t r a .
A n a l . C a l c d .  f o r  G]^Q%^NC1 : C l ,  1 2 . 6 1 .  P o un d :
C l ,  1 2 . 2 3 .
R e a c t i o n  o f  L w i t h  b e n z o y l  c h l o r i d e .— A s o l u t i o n  o f
1 .4  g  * ( 0 . 0 1  m o le )  o f  b e n z o y l  c h l o r i d e  i n  b e n z e n e  (5 m l . )  was 
added  d r o p w is e  t o  a s o l u t i o n  o f  2 . 5  g* ( 0 . 0 1  m ole)  o f  L i n  
b e n z e n e  (20 m l . ) .  A f t e r  w arm ing  t h e  s o l u t i o n  on t h e  s te a m  
b a t h  f o r  s e v e r a l  m i n u t e s ,  a w h i t e  s o l i d  p r e c i p i t a t e d .  The 
s o l i d  was s e p a r a t e d  b y  f i l t r a t i o n  and  r e c r y s t a l l i z e d  f ro m  
i s o p r o p a n o l  t o  g i v e  2 . 1  g .  (7 5 ^ )  o f  3 , 5 —d i p h e n y l p y r i d i n e  
m e t h o c h l o r i d e ,  m .p .  225—2 2 7 ° .  The f i l t r a t e  was c o n c e n t r a t e d  
and e x t r a c t e d  w i t h  h o t  w a t e r  t o  g i v e  0 . 3 6  g .  of  b e n z o i c  a c i d ,  
m .p .  122- 124° .
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R e a c t i o n  o f  L w i t h  t e t r a c y a n o e t h y l e n e » — A s o l u t i o n  
o f  t e t r a c y a n o e t h y l e n e  ( 0 . 5 l  g . )  i n  f r e s h l y  d i s t i l l e d  t e t r a — 
h y d r o f u r a n  (5 m l . )  was added  t o  a s o l u t i o n  o f  L ( 1 . 0  g . )  i n  
t e t r a h y d r o f u r a n  (25 m l . ) .  The r e s u l t i n g  s o l u t i o n  had  a b l a c k  
c o l o r a t i o n .  A f t e r  s t a n d i n g  a t  room t e m p e r a t u r e  f o r  f i v e  d a y s ,  
t h e  s o l u t i o n  was c o n c e n t r a t e d  t o  a b l a c k  r e s i d u e .  S e v e r a l  
r e c r y s t a l l i z a t i o n s  o f  t h i s  r e s i d u e  f rom  i s o p r o p a n o l  gave  a 
s m a l l  amount  o f  y e l l o w  c r y s t a l l i n e  m a t e r i a l ,  m .p .  156—1 5 8 ° .
The u l t r a v i o l e t  s p e c t r u m  of t h i s  m a t e r i a l  showed a s h o u l d e r  
a t  305 mp^  and a maximum a t  259 m^ . The i n f r a r e d  s p e c t r u m  of  
t h i s  compound c o n t a i n e d  b a n d s  a t  2200 ,  2l 60 , 755 and 690 cm”*^. 
T r e a tm e n t  w i t h  sodium b o r o h y d r i d e  i n  m e t h a n o l  c o n v e r t e d  t h i s  
m a t e r i a l  t o  L.
A n a l . C a l c d .  f o r  7 6 . 8 0 ;  H, 4*53 ;
N, 1 8 . 6 7 .  Pound :  C, 7 5 . 0 1 ;  H, 4»50 ;  N, 1 6 . 1 2 .
R e a c t i o n  o f  e t h y l  1 - m e t h y l —5-bromo—l ,6 —d i h y d r o n i c o ­
t i n a  t e  ( L I I )  w i t h  h y d r o g e n  b r o m i d e . — A s o l u t i o n  of  L I I  ( 2 . 0  g . )  
i n  a n h y d ro u s  b e n z e n e  (20 m l . )  was t r e a t e d  w i t h  a n  e x c e s s  of  
h y d r o g e n  b r o m id e .  A y e l l o w  o i l  s e p a r a t e d  f ro m  t h e  s o l u t i o n .
The b e n z e n e  l a y e r  was d e c a n t e d  and t h e  o i l y  r e s i d u e  was ex­
t r a c t e d  i n t o  h o t  i s o p r o p a n o l .  On c o o l i n g  t h e  i s o p r o p a n o l  
s o l u t i o n ,  2 . 0  g . o f  a w h i t e  s o l i d ,  m .p .  265—2 6 7 ° ,  was d e p o s i ­
t e d .  T h is  s o l i d  m a t e r i a l  was r e c r y s t a l l i z e d  f ro m  m e t h a n o l .
The u l t r a v i o l e t  and i n f r ^ e d  s p e c t r a  o f  t h i s  m a t e r i a l  were  
i d e n t i c a l  w i t h  t h e  s p e c t r a  o f  n i c o t i n i c  a c i d  m e th o b ro m id e  
(XXVI) o b t a i n e d  by  t h e  h y d r o l y s i s  o f  e t h y l  n i c o t i n a t e  m e th o — 
b ro m id e  w i t h  h y d r o b r o m ic  a c i d .  T h is  m a t e r i a l  d i d  n o t  d e p r e s s
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t h e  m e l t i n g  p o i n t  o f  a u t h e n t i c  XXVI on a d m i x t u r e .
A n a l . C a lc d .  f o r  CyH8BrN02:‘ B r, 3 6 . 7 0 ;  Pound :
Br ,  3 7 . 1 0 .
s p e c t r u m . (20^  DgO) 2 . 2  ppm ( s ) ,  l+.O ppm ( t )
U-35 ppm ( d ) ,  4 - 5 5  ppm ( s ) ,  (ppm f rom  M e ^ S i ) .
R e a c t i o n  o f  L I I  w i t h  d e u t e r i u m  b r o m i d e . — D e u te r iu m  
b ro m ide  was p r e p a r e d  by  d r o p p i n g  99*5 mole p e r c e n t  d e u t e r i u m  
o x id e  on p h o s p h o ro u s  t r i b r o m i d e .  T re a tm e n t  o f  a s o l u t i o n  o f  
L I I  ( 2 . 0  g . )  i n  d ry  b e n ze n e  (25 m l . )  w i t h  d e u te r iu m  b rom ide  
p r e c i p i t a t e d  a l i g h t  y e l l o w  o i l  w h ic h  c r y s t a l l i z e d  on s t a n d ­
i n g .  R e c r y s t a l l i z a t i o n  o f  t h i s  c r u d e  m a t e r i a l  f rom  m e t h a n o l  
gave  1 . 7  g .  (82^)  o f  p a r t i a l l y  d e u t e r a t e d  n i c o t i n i c  a c i d  
m e th o b ro m id e ,  m .p .  265—2 6 7 ° .  The p r o t o n  m a g n e t i c  r e s o n a n c e  
s p e c t r u m  of  t h i s  m a t e r i a l  was i d e n t i c a l  t o  t h a t  o f  XXVI w i t h  
t h e  e x c e p t i o n  o f  a f i f t y  p e r c e n t  d e c r e a s e  in  t h e  r e l a t i v e  
p e a k  a r e a  o f  t h e  4*0 ppm t r i p l e t .  The i n f r a r e d  s p e c t ru m  of  
t h i s  m a t e r i a l  c o n t a i n e d  a l l  t h e  b a n d s  o f  XXIV i n  a d d i t i o n  t o  
b a n d s  a t  7 4 0 ,  778 and 832 cm” ^ .
I ^ p h e n y l m a l e i m id a  a d d u c t  o f  L I I . — A s o l u t i o n  o f  L I I  
( 0 . 7  g . )  and N—p h e n y lm a le im id e  ( 0 . 5 4  g*) i n  f r e s h l y  d i s t i l l e d  
t e t r a h y d r o f u r a n  (25 m l . )  was a l l o w e d  t o  s t a n d  a t  room te m p e ra ­
t u r e  f o r  f o u r  d a y s .  The s o l u t i o n  d e p o s i t e d  a brown s l u d g e  
w h ic h  was r e c r y s t a l l i z e d  s e v e r a l  t im e s  from i s o p r o p a n o l  t o  g i v e
0 . 8  g .  (66^)  o f  a w h i t e  c r y s t a l l i n e  a d d u c t ,  LVI, m .p .  l 8 0 —1 8 2 ° .  
The i n f r a r e d  sp e c t ru m  o f  th e  a d d u c t  had s t r o n g  b a n d s  a t  1775 ,  
1740 and 1701 cm '- l . The u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  o f
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LVI e x h i b i t e d  a maximum a t  212 mp ( 6T = 6 , 9 9 0 ) .
A n a l . C a l c d .  f o r  CigH^gBrNgO^: G, 54*32 ;  H, 4*52 ;
N, 6 . 67 . F o u n d :  C, 54*42 ;  H, 4* 6 1 ;  N, 6 . 6 7 .
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Type I
PROPERTIES OF PYRIDINIUM SALTS 
H o'!
Type I I I Type IV
Compound
No.
Type R R» R* ' M.P.
V I I I I CHj- 116- 118°
IX® I GHj- 152-I5if.°
X I (C H .lgC E- 1 19-1 21 °
XI® I CH^ (0:12 )3- 90- 95° f
XII® I PhCHg- 87- 91° f
XVII I I H- H- H- 142- 1^ 4°
X V III I I CH3- H- H - 175- 176°
XIX I I H- GH3- H- 143- 145°
XX I I GH3- H- GH3- 2 1 0-21 1 °
X I I I I I I CH3- H- H- 97-100°
XIV I I I H- GH3- H- 1 5 6 -1 5 8°
XV I I I CH3- H- GH3- 273- 274°
XXI I I I H- Ph~ H- 165-1 67 °
XXII I I I P h - H- P h - 201-2 02 °
XXIII® I I I P h - H~ P h - 248- 250°
XXIV” I I I Ph~ H- Pli— 225- 227°
XXV I I I -GOOEt H- Bi>- 138- 140°
XXVI I I I -COOH H- H- 2 6 5-26 7 °
XVI IV GH3- GH3- 230- 232°





o f  P r e p .
I l l ( c o n t . )
R e c r y s t . 
S o l v e n t
72
% H a lo g e n  
C a lc d .  Found
V I I I a h 5 7 . 9 4 57 .8 0
IX c h 4 5 . 9 8 4 5 . 2 1
X a , b h 5 1 . 0 0 4 9 . 9 5
XI a , b h 3 7 . 0 4
X I I a , b h 3 3 .2 0
XVII a h 4 2 . 7 6 42 .6 8
X V III a h 4 0 .8 4 41 .21
XIX a h 4 0 .8 4 40.87
XX a h 38.96 38 .49
X I I I a h 54 .0 4
XIV a h 5 4 .0 4 54 .41
XV a i 51 .00 51 .23
XXI a h 42 .76 42 .55
XXII a 1 34.05 33.97
X X III c i 24 .54 24 .74
XXIV c h 1 2 .6 1 13.02
XXV a h 34 .14 34 .10
XXVI d h 36.70 36 .25
XVI b i 51.00 4 9 . 2 6
d
P r e p a r e d
8
Bromide h
s a l t .
f rom  h y d r o l y s i s  
f
s a l t .  S a l t  w |  
I s o p r o p a n o l .
o f  e t h y l  n i c o t i n a t e  m e t h o b r o m i d e .
S
s e x t r e m e l y  h y d r o s c o p i c .  C h l o r i d e  
M e th a n o l .
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TABLE IV
ULTRAVIOLET ABSORPTION SPECTRA OF REDUCTIONS 
OF PYRIDINIUM IONS WITH S0DIUI4 BOROHYDRIDE
Compound
No.
P y r ld lg lu m  Ion  
Maxima (mu) E x t i n c t i o n Me OH"
NaBH^ Added
DMF














X 253 sh  
259
265 s h









X I I 260
269 s h
5870 337
XVII 283 8600 3 3 0 350
X V III 276 8 2 4 0 335 3 5 0
XIX 279 9000 355 350
XX 282 9450 330 3 2 5
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TABLE IV ( c o n t . )
Compound
No.
P y r l d l g l u m  Io n  NaBH^ Added 















( 6400 ), 
( 14000)°  








( 1 2 0 0 0 ) °
XVI 273 8 4 0 0
a
Maxima were d e t e r m i n e d  I n  m e t h a n o l . ^Maxima w ere  s t a b l e  I n
Q
m e t h a n o l . Maxima w ere  th e same as o b s e r v e d  w i t h  XXI.
d
E x t i n c t i o n s w ere  a p p r o x i m a t e l y  4000 u n i e 38 I n d I c a t e d .





















Type R R> R " B .P .
XXVII I CH3- 112°
XXVIII I (CH3)2CH- 1 5 2 - 1 5 4 °
XXIX I CH3(CH2)3" 82°/3 0  mm.
XXX I PhCHg- 115° A  mm.
XXXI I I H- H- H- 80- 82° / I . 2 mm.
XXXII I I CH3- H- H- 1 2 7 - 1 3 3 ° / 2 7  mm.
XXXIII I I H- GHy- H- 85—88° / l  mm.
XXXIV I I CH3- H- CH3- 7 0 ° / 0 . 3  mm.
XXXV I I I GH3- H- H- 132- 136°
XXXVI I I I H- CH3- H- 129-131°
XXXVII I I I CH3— H- GH3- 8 7 ° / l 0 5  mm.
XXXVIII I I I H- P h - H- 42-44°
XXXIX I I I H- P h - D- 42-44°
XL IV GHj- GH3— 49° /25  mm.




o f  P r e p .
TABLE
Y i e l d
V ( c o n t . )  
P l c r a t e ° M e t h lo d l d e °
76
XXVII a , b 69 2 01 -20 3 ° 268- 270° g g
XXVIII a ,b 73 134-1 36 ° 232- 233° 28 72
XXIX a , b 81 106-108° 5 95
XXX b 73 143-145° 157- 159° 12 88
XXXI b 78 138- 140° 178- 181° 8 92
XXXII b 80 209- 211° 52 48
XXXIII b , c 83 149- 152° 0 100
XXIV c 77 18 82
XXXV a , b 70 108- 110° 147- 149° 30 70
XXXVI a ,b 72 144- 146° 214- 216° 0 100
XXXVII a , b 79 1 17-119° 185- 187° 11 89
XXXVIII c 88 225- 2270^ 0 100
„ h
XXXIX c 88 225- 227° 0 100
XL a 64 230- 232° 44^ 56
M e l t i n g  p o i n t s  o f  p u r e  t e t r a h y d r o p y r l d l n e  d e r i v a t i v e s .
® R e l a t i v e  p e r c e n t a g e s  o f  p i p e r i d i n e .  ^ R e l a t i v e  p e r c e n t a g e s  o f  
t e t r a h y d r o p y r l d l n e .  S j io t  d e t e r m i n e d .  ^ M e l t i n g  p o i n t  o f
h y d r o b r o m i d e . 
s p e c t r o s c o p y .
E s t i m a t e d  by  n u c l e a r  m a g n e t i c  r e s o n a n c e
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TABLE V ( c o n t . )
C a rbon  and Hydrogen A n a l y s i s
Compound
No. C a lcd Pound
%c %C iH
XXVII (47)'^
XXVIII 7 6 . 8 0 1 2 .0 0 7 6 . 7 4 12 . 93^
XXIX ( 4 8 ) j
XXX 83.24- 8 .6 7 83.13 8 .83
XXXI 83 .24 6 .6 7 83.22 6.87
XXXII 83.42 9 .06 83.35 9.32
XXXIII 83.42 9 . 0 9 83.13 9 .20
XXXIV 8 3 . 5 8 9.45 83.43 9.47
XXXV (49)"^
XXXVI ( 5 0 ) j
XXXVII 76 .80 1 2 . 0 0 7 6 . 9 0 12.20
XXXVIII (28)  j
XXXIX (2 8 ) j
XL (51 )^
L i t e r a t u r e  r e f e r e n c e ,  
p i p e r i d i n e .
^ A n a l y t i c a l  sam ple  c o n t a i n e d  28^
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TABLE V ( c o n t . )
ULTRAVIOLET ABSORPTION SPECTRA OF TETRAHYDROPYRIDINES
Compound Maxima (mu) and E x t i n c t i o n ^
No. _______________________ ___________________________________
XXX 264 (163)  258 (230)  252 (200)
XXXI 264 (258)  258 (314)  252 (266)
XXXII 264 (220) 258 (290)  252 (280)
XXXIII 264 (278)  258 (338)  252 (299)
XXXIV 264 (176)  258 (242)  252 (210)
^ S p e c t r a  w ere  d e te rm in e d  In  m e th a n o l
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963 m 990 w
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TABLE V II





x x x v iir
PPM (M a^Sl) I n t e g r a l A ss ig n m e n t
5 . 8 4 ia ) 2
3 . 3 2 (q)* 1
3 . 0 5 (m) 2
2 . 4 3 (m) 2
2 . 1 9 ( s ) 3
7 . 3 5 ( s ) 5
5 . 4 5 (s ) 1
3 . 2 2 (q) 1
2 . 9 5 (m) 2
2 . 6 5 (m) 2
2 . 0 5 ( s ) 3
1 . 7 0 ( s ) 3
7 . 3 0 (m) 5
6 . 0 0 (t )® 1
3 . 0 5 (m) 2
2 . 5 8 (m) 4
2 . 3 3 (s ) 3
v i n y l  h y d r o g e n s  
b e n z y l i c  h y d r o g e n  
C—6 m e t h y l e n e  
C—3 m e t h y l e n e  
N-ine t h y  1
a r o m a t i c  h y d ro g e n  
v i n y l  h y d ro g e n  
b e n z y l i c  h y d ro g e n  
C—6 m e th y le n e  
G—3 m e th y le n e  
N—m e th y l  
C—m e th y l
a r o m a t i c  h y d r o g e n s  
v i n y l  h y d r o g e n  
C—2 m e th y le n e  
C—5 ,  C—6 m e t h y l e n e s  
N-me t h y l
^B enzene  s o l v e n t .  ^ D e u te r o c h lo r o f o r m  s o l v e n t .  ^B enzene a s
I n t e r n a l  s t a n d a r d .  
^ T r i p l e t .
S i n g l e t ,  Q u a r t e t .  M u l t i p l e t .
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TABLE V I I I  
PROPERTIES OF PIPERIDINES
P ip e  r i d  in e Compound M.P. o f  C arbon  and  H ydrogen A n a ly s i s  
P i c r a t e  C a l c d . Found
%C %H
1—i s o p r o p y l XLI 1 5 0 -1 5 1 ° (5 2 ) °
1—b u t y l X L II 1 3 5 -1 3 7 ° (4.8)°
1—b e n z y l X L I I I 182 -1 8 5° (5 2 ) °
1 , 4 —d ime t h y l XL IV 1 8 4 -1 8 6 ° ( 5 0 ) °
1 , 3 —d ime t h y l XLV 1 6 9 -1 7 0 ° (4 9 ) ' '
1 , 4 —8 ime t h y l — 
2—p h e n y l
XLVI 1 7 5 -1 8 0 ° 8 2 . 5 4 1 0 .0 5 8 2 . 8 4 1 0 . 3 4
1 , 3 —d ime t h y l — 
2—p h e n y l
XLVII® 1 4 8 -1 6 5 ° 8 2 .5 4 1 0 .0 5 8 2 .4 3 1 0 .0 1
1-me t h y l —2— 
p h e n y l
XLVIII 1 7 3 -17 5 ° 8 2 .2 8 9 .7 1 8 2 .2 4 9 .7 9
1 , 3 , 5 - t r i - XLIX°*° 1 8 6 -1 8 8 ° 8 2 .7 6 1 0 . 3 4 8 2 .5 8 1 0 .2 0
me t h y l —2— 
p h e n y l
®M ixture o f  two i a o m e r a .  ^ M ix tu re  o f  f o u r  i s o m e r s .  ° L i t e r a -  
t u r e  r e f e r e n c e .  ° O b ta in e d  b y  c a t a l y t i c  h y d r o g e n a t i o n  of
th e  d i h y d r o p y r i d  i n e .







XLII 79—80° / l 8 mm.
X L I I I 6 8 ° / 0 . 5  mm.
XL IV 126- 130°
XLV 127- 128°
XLVI 7 3 ° / O . 6 mm.
XLVII 63—64° / 0 . 7 mm.
XLVIII 5 5 - 5 6 ° / 0 . 5 mm.
XL IX 9 0 - 9 2 ° / I . 4 mm.
U l t r a v i o l e t  A b s o r p t i o n  g 
Maxima (tn^) and E x t i n c t i o n s
252 (200 )  258 (230)  2 6 4  (168)
251 (230)  
251 ( 2 1 0 ) 
251 (230)  
251 (356)
257 (270)  
257 (2 5 5 )  
257 (270)  
257 (350)
263 (210)  
263 (190)  
263 (210)  
263 (260)
S p e c t r a  were  d e t e r m i n e d  i n  m e t h a n o l .
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TABLE IX




Temp. P r e s s u r e Flow R ate No. of 
P eaks
R e t e n t i o n  J im e s  
( s e c . )
XXVIII 149° 10 1 .4 2 120,132
XLI 149° 10 1 .4 1 120
XXIX 149° 10 1 .4 2 150,162
X L II 149° 10 1 .4 1 147
XXX 179° 12 1 .6 2 276 ,294
X L II I 179° 12 1 .6 1 276
XXI 179° 12 1 .6 2 234,270
X LV III 179° 12 1 .6 1 230
XXXII^ 192° 14 1 . 5 4 147 , 190 , 200,249
XLVII 192° 14 1 . 5 2 147,190
XXXIII 196° 12 1 .6 1 240
XLVI 196° 12 1 . 6 1 186
XXXLV^ 192° 14 1 . 5 5 144 , 168 , 190 , 255,288
XL IX 192° 14 1 . 5 4 146 , 168 , 198,232
XXV 137° 10 1 . 6 3 8 4 , 9 0 , 9 6
XLV 137° 10 1 . 6 1 80
XXXVI 137° 10 1 . 6 1 90
XL IV 137° 10 1 . 6 1 78
XXXVII 149° 10 1 .4 2 8 1 ,9 0
XL 1370 10 1 . 6 3 108 , 120,132
®Two m e te r ,  5 ^  s i l i c o n e  g r e a s e  on c h ro m so rb  d i a t o c a c e o u s  e a r t h  
c o lu m n . Carbowax 1500 co lum n  ( P e r k in - E l r a e r  " K " ) .  °S ee  
TABLE V f o r  r e l a t i v e  p e r c e n t a g e s .
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TABLE X
ULTRAVIOLET ABSORPTION SPECTRA OF D IHYDROPYRID INES
Compound
No.
M e th an o l HCl Added



























L I I 3 5 5 ,
281®
2 6 8 . 5 ,














LV 330 3860 268
262
â S h o u ld e r .
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TABLE X I
NUCLEAR MACYSTIC RESONANCE SPECTRA OP DIHYDROPYRIDINES




a c e t o n e 2 .4 4  ( s )  
4 .4 0  ( s )
6 .8 2  ( 3 )







N-me t h y l  
C—2 m e t h y l e n e  
C—4 h y d r o g e n  
G—6 h y d r o g e n  
a r o m a t i c  h y d r o g e n s
L b e n z e n e ^ 2 .4 0  ( s )
4 .1 5  ( s )
3
2
N -m ethy l  
0—2 m e t h y l e n e
L I
a
a c e t o n e 3 . 6 9  ( s )
6.87  ( 3 ) 




C—4 m e t h y l e n e  
v i n y l  h y d r o g e n s  
a r o m a t i c  h y d r o g e n s
L I b e n z e n e ^ 2 .6 0  (3 ) 
3 .6 2  ( 3 )
3
2
N-me t h y l  
0—4 m e t h y l e n e
L I I CCl^^ 1 .0 2  ( t )  
2 . 6 5  ( s )  
3.92  ( s )  
4 .0 5  (q) 
6.42  ( s ) 







C-me t h y l  
N-me t h y l  
C—6 m e th y le n e  
m e t h y l e n e  
v i n y l  h y d r o g e n  
v i n y l  h y d r o g e n
L I I I CGl^ 1 .05  ( t )
2 .81  ( s )  
3 . 1 3  ( s )  
3 .87  (q) 
5 .7 9  ( s )







C-me t h y l  
N -m e th y l  
C—4 m e t h y l e n e  
m e t h y l e n e  
v i n y l  h y d r o g e n  
v i n y l  h y d r o g e n
=I n t e r n a l s t a n d a r d ba c e t o n e . I n t e r n a l s t a n d a r d  b e n z e n e .
° I n t e r n a l s t a n d a r d c h l o r o f o r m .
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